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Preface -
.The purpose of this ;report is: 
- to describe the central issues and requirements relating both t o  
policy research and technical research i n  the energy sector of 
developing countries. 
- t o  consider the activities of other donors i n  the field. 
- to advise the Centre on how i t  might util ise an increase i n  
. . funds for energy re1 ated research. 
The report i s  divided in to  four main sections: i n  the f i r s t ,  the 
main energy problems facing developing countries are described; i n  the 
second section the various responses to these problems are out1 ined in 
terms of general principles; i n  the third section, the main actions of 
the a id  agencies are sumrised; and in the four th  section consideration 
is given t o  the questions of energy research in developing countries from 
the point of view of the a id  agencies, the developing countries themselves, 
and the general principles which migh t  guide the future course of IDRC 
assistance to the field. 
The report was produced between the middle of March and the 
beginning of July 1981 and was based on a review of literature and 
discussions w i t h  the Staff of IDRC, other bilateral and multilateral 
aid donors and a very limited number of interviews with researchers from 
devel oping countries (see Annex I).  
Summary of the Main Arguments and Conclus~ons 
The energy problems o f  the Thi rd World are as diverse as the countries 
themselves. But a t  the most general l e v e l  there are two d i s t i n c t  elements: 
problems associated w i t h  the r f s e  i n  o i l  p r ices  and problems associated w i th  
the supply o f  the f u e l s  t r a d i t i o n a l l y  used by r u r a l  people, such as fuel wood, 
crop residues, and dung. 
The o i l  p r i ce  r i s e s  l a rge l y  a f f e c t  t h e  modern i n d u s t r i a l  sectors 
and exacerbate the  problems o f  underdevelopment associated w i t h  foreign 
exchange balances, in te rna t iona l  indebtedness and the resources avai 1 abl e 
fo r  development. The d i r e c t  ef fects on of 1-using indus t ry  and t ranspor t  
can be severe and have many s i m i l a r i t i e s  w i th  the problems fac ing 
i n d u s t r i a l  ized countries. 
I n  welfare terms, r u r a l  energy problems are possibly even more severe 
than those o f  the i n d u s t r i a l  sectar; w i t h  over hal f  the world's propulat ion 
sa id t o  der ive I t s  inanimate energy from the l a r g e l y  uncomnercialized 
biomass o f  f\telwood, crop residues, and dung. .Deta i ls  of these problems 
are s t i f  1 scarce and unrel iable;  but  a pictube i s  emerging of the complexity 
of r u r a l  energy needs and o f  the  imnensity o f  the. problem: 100 m i l  1 ion  people 
are t h u g h t  t o  have i n s u f f i c i e n t  fuelwood t o  meet even t h e i r  minimum needs 
and a f u r t h e r  I000 m i l l i o n  a r e . l i k e l y  t o  be in a s i m i l a r  p o s i t i o n  by the 
year 2000. Shortages o f  o i l  l i m i t  the p o s s i b i l i t i e s  o f  r u r a l  development, 
both d i r e c t l y  (through the  l ack  o f  f e r t i l  i r e r ,  i r r i g a t i o n  and transport)and 
ind i rect ly( thr0ugh lack  of fo re ign  exchange and the h igh cost  of imports). 
r 
The p o l i c y  options facing developing countr ies include increasing 
the supply of primary energy, increasing the e f f i c iency  w i th  which ex i s t i ng  
sources of energy a re  u t i l  i zed, and more e f f e c t i v e l y  managing the demand f o r  
energy. The demand fo r  energy i s  s t rongly  inf luenced by the pat tern o f  
development, the d i s t r i b u t i o n  o f  income, and the s t y l e  of l i v i n g .  However, 
whatever ef for ts  are made, the o i l  needs o f  a l l  sectors o f  developing 
countries w i l l  increase subs tan t ie l l y  over the next  20 years. 
The response o f  developing countr ies takes place i n  a world context i n  
which the bulk  o f  research and development i s  car r ied  out i n  developed 
countries and i s  ori@r&@ted t o  the problems of these countries, where the  
t rans fer  o f  technology between countr ies o f ten  takes place under condit ions 
o f  intense bargaining between unequal part ies,  and where f inancia l  resources - 
are a1 ready severely constrained both nat ional  l y  and in te rna t iona l  l y .  
Much o f  the energy re la ted  t@chnology. l ike ly  t o  be appl ied i n  developing 7 
countrjes u n t i l  the t u r n  o f  the .rantury.?r alrqadg we l l  known. The major 
cmstralnts ape E i  kgly ta be c i . @ ~ $ $ ~ ' ~ W J ~ A - ?  th&4 ~i ) f tM~e~.  The research 
p r o b l m  fac ing nfdst Thfrcd World countr ies w i l l ,  therefore, be a problem o f  
ident i f y ing  the precise form o f  t h e i r  various energy problems, ident i f y ing  
the variou$ opt ions open t o  them, evaTugting and adapting these options 
i n  the context o f  1 ocal needs and condit ions, developing l oca l  
production ca$ab i l i t i es  and a%mplem@ntfrrg prpgrarrrtaes o f  act ion. Much o f  
t h i s  research" can only be dane i n  devetuping countries and much o f  i t  w i l l  
be done best  by l oca l  people w i t h  knowfedg~ o f  l o c a l  condit ions. 
The energy re la ted  a c t i v i t i e s  o f  the a i d  donors have recent ly  
been reviewed i n  a number cf reports.  Most donors are attempting t o  
reorganize t h e i r  programmes t o  be more responsive t o  devel op i  ng country 
requirements; however, actual  expenditures continue t o  be concentrated 
on la rge  scale e l e c t r f  c i  ty generation and d i s t r i b u t i o n .  
Information on a i d  a c t i v i t y  r e l a t i n g  t o  energy research i s  less 
accessible. No analyses have y e t  been found which show expenditures for 
t h e  various types o f  energy research, nor  t he  extent t o  which researchers 
i n  developing countr ies are involved. Two au tho r i t a t i ve  sources ( IBRD 
and UNERG) suggest t h a t  most research 4s being ca r r i ed  o u t  i n  developed 
countr ies o r  i s  contro l  1 ed by expatr iates. Many b i l a t e r a l  a i d  programmes 
are associated w i t h  the  promotion ang-export of t h e i r  own country 's 
energy technology. 
Energy research i n  developing countr ies has expanded r a p i d l y  dur ing 
the  1970s. In so f a r  as a pa t te rn  can be percieved from the  fragmentary 
evidence avai lable,  i t  appears t h a t  much o f  the  e x i s t i n g  research i s :  
concentrated on so-cal 1 ed new and renewable sources of  energy (though 
o i l  and other mineral explorat ion i s  an exception); i t  i s  o f ten  i so la ted  
f r a m  ex i  stSng sc ien t f  f i c  know1 edge, and from the processes o f  energy 
planning, production and imp1 ementation; i t  fends t o  s t ress technological 
' aspects t o  the  exclusion o f  t h e  soc ia l  and economic aspects t h a t  a f f e c t  
v i a b i l i t y  and the r a t e ' o f  d i f fus ion ;  and t h e r e  is .  a marked abserrm o f  
r igorous tes t l ng  o f  energy devices under genuine operat ing condit ions. 
x. + 
The IDRC response should be guided by f o u r  p r inc ip les :  
\ *%" 
The Centre should concentrate on those types o f  support which 
d i s t i ngu ish  i t s  assistance from t h a t  o f  other donors;it should 
-. respond t o  the  p r f d r i t i e k p e r c i e v e d  by people i n  the Th i rd  World; 
' 
and i t s  independence from nati,onal or  conmercial i n te res ts  should 
be emphasized and maintained. 
\. ,' 
( i i )  f t  should focus on those research w a s  which are best  ca r r i ed  
out by Th i rd  World nat ional  s i n  t h e i r  -owq countries; p a r t i c u l a r l y  $5 those areas o f  research t h a t  increase th6 '~countr ies a b i l i t y  to 
iden ti fy problems and choose between a1 terna t%yhes. 
( i i i )  It should encourage a problem or ientated, mu1 t i d i s c i p l  inary  approach. 
( i v )  Because o f  the lack o f  knowledge a b o u ~ . ~ l ; l s t i n ~  research a c t i v i t y  
and l i k e l y  f u t u r e  needs, the Centre should adopt a consciously 
f l e x i b l e  approach t o  i t s  funding which ca adapt t o  the changing 
s i tua t ion .  This w i l l  i n i t i a l l y  requ i re  a b i d e  d e f i n i t i o n  o f  what 
cons t i tu tes  research and the u t i l i s a t i o n  o f  a range o f  outside 
expert ise. 
There does appear t o  be a demand from developing countr ies f o r  the 
type o f  ass i~kance  t h a t  IDRC can provide f o r  energy research, and t h i s  
demand might ,be expected t o  eventual ly j u s t i f y  expenditures a t  the  leve l  
o f  ex i s t i ng  programmes. The r a t e  a t  which funds could i n i t i a l l y  be 
disbursed would be l i m i t e d  by the speed w i t h  which adequate s t a f f  were 
made avai lab le.  
Consideration of these ibsues suggests tha t  there are three areas 
o f  research t h a t  a re  both requt'red by c@velopfng countr ies and f o r  which 
IDRC's s t y l e  o f  operation i s  wall suited. These are described on pages 
38 - 3 3  and cover: 
a. Research t o  i den t f f y  and ~ specify 3 energy problems 
b. Research t o  i d e n t t f y  and evaluate energy technology 
A 
c. Research for energy lanning 
b) red w e 3 1  k b s  ed+Cgy i d r% . 
-.Whatever scale o f  funding i s  made ava i lab le  a f i r s t  step would be 
t o  improve the s ta te  o f  knowledge o f  current  research a c t f v i t y  and fu tu re  
need by the meth~ds canvent ional ly used by the IDRC i n  developing I t s  
other p r o g r m e s .  But because o f  the extant o f  the  gap i n  know1 edge there 
f s a pressing need to  comnission some form o f  ' research on research ' . both 
t o  guide XDRC's a c t i v i t i e s  and t o  a s s i s t  the development o f  energy R and 
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Henry Lowe, D i rec to r  o f  Energy, Jamaica. 
Chr is MacCormac, AFNS, IDRC. 
Paul McConnel 1 , Pres ident 's  Office, IDRC. 
Mike McGarry, Heal th  Sciences D iv is ion ,  IDRC. - 
Andrew McNaug hton , AFNS , I DRC. 
*Er ic  Melby, I n t e r n a t i o n a l  Energy Agency, Paris. 
Mo r r i s  M i l l e r ,  UN Conference on New and Renewable Sources o f  Energy, New York. 
Mohan Munasinghe, IBRD, Washington. 
Geoff Oldham, SPRU'; Sussex. 
*Ral ph Overend, Nat iona l  Research Counci 1 , Canada. 
Wi l l i am Pendleton, Ford Foundation, New York. 
Anthony Pryor, Centre f o r  1 n t e g r a t i v e  Development , New Yor k. 
Dudley Seers, I n s t i t u t e  of Development Studies, Sussex. 
Mr. Segoura, IBRD, Washington. 
Ph i l i ppe  de Seynes, UNITAR, New York. 
S e l i  k Shainfarber, UN Conference on New and Renewable Sources of Energy, New York. 
G r i f f  Shay, US Nat iona l  Academy .of Sciences, Washington. 
Mr. Shehan, IBRD,  Washington. 
Don Simpson, London, Ontario. 
Chr is  Smart, Soc ia l  Science D i v i s i on ,  IDRC. 
David Steedman, Di rec tor ,  Soc ia l  Science D iv is ion ,  IDRC.  
Sera f in  Talisayon, U n i v e r s i t y  o f  the  Ph i l i pp ines .  
Tony T i1  1 e t t ,  Social  Science D iv is ion ,  IDRC. 
Char1 es Weiss, IBRD, Washington. 
John Wool ston, D i r e c t o r  In fo rmat ion  Sciences D iv is ion ,  I D R C .  
'The Science Pol i c y  Research U n i t  Energy Group, Sussex, UK. 
Members o f  IDRC's Social  Science D i v i s i o n  
Pa r t i c i pan t s  a t  t he  Be1 l a g i o  Conference on Non-Technical Obstacles t o  
New Energies, May 25-29, 1981, ( i nc l ud ing  p a r t i c i p a n t s  from LINESCO; 
the  E.E.C.; UNU; Ph i l i pp ines ;  Bangladesh; Jamaica; Jordon; Papua 
New Guinea; B r a z i l ;  Senegal; Tunis ia;  Rockefel ler  Foundation; IBRD; 
Equi ty  Pol i c y  Centre, Washington; ITDG, London; I. I. E.D. London .) 




- A1 phabet ical  L i s t  o f  Pe 'Cd p l e  and Organisations consul t d  i n  
the Preparat ion o f  t h i s  Study 
Mr .  Barnea, UNITAR, New York. 
Mary Barnett,  Br ighton,  Sussex. 
Mar t in  Be1 1, SPRU, Sussex. 
Gustavo Best, Economic Commission f o r  L a t i n  America. 
Lu is  Ramiro Bel t ran,  LARO, IDRC. 
V ic  Brad1 ey, M i n i s t r y  o f  Science and Technology, Canada. 
Mike Brandreth, In format ion Science D iv is ion ,  IDRC. 
Kerry Broadbent, In fo rmat ion  Science D iv is ion ,  IDRC. 
Michael Blaum, UNITAR, New York. 
Trevor Byers , I BRD, Was h i  ng ton. 
Jamieson Campbell , Socia l  Science D iv is ion ,  IDRC.  
Ro l f  Carlman, Swedish I n t e r n a t i o n a l  Development Au tho r i t y .  
Fernando Chaparro, Regional D i rec to r ,  LARO, IDRC. 
E. P. Coc kshutt ,  Nat iona l  Research Counci 1 , Canada. 
Ernest Corea, D i r e c t o r  Co-operatives Programne., IDRC. 
Doug Daniels, O f f i c e  o f  Vice President, I D R ~ .  . . 
Ed Deagl e, Roc ke fe l  1 e r  Foundation, New York. 
Anton Die ters ,  LIN Fund f o r  Cap i ta l  Development, New York. 
Richard Dosi k, IBRD, Washington. 
Mike Dow, U .S. Nat iona l  Academy o f  Sciences, Washington. 
Ian Ef ford ,  Conservation and Renewable Energy Branch, M i n i s t r y  o f  Energy 
and Mines, Canada. 
E r i c  Ferguson ,   ether lands Organisat ion o f  Appl i e d  S c i e n t i f i c  Research. 
John Foster, Pet ro  Canada, Ottawa. 
*Peter Hai nes, Canadian I n t e r n a t i o n a l  Development Agency. 
Bruce Harland, UNDP, New York. 
Toby Harrison, LIK Overseas Development Admin is t ra t ion.  
Ivan Head, President I D R C .  
Kur t  Hoffman, SPRU, Sussex. 
Joseph Hulse, D i rec to r ,  Ag r i cu l t u re ,  Food and N u t r i t i o n  D i v i s i on ,  IDRC.  
Enrique Ing les ias ,  UN Conference on New and Renewable Sources o f  Energy, New York. 
Nural I s 1  am, Bangladesh U n i v e r s i t y  o f  Engineering and Technology, Dacca. 
DeAnne Ju l ius ,  IBRD, Washington. 
Stephen K le in ,  US AID S ta te  Department, Washington. 
Tom Lawand, Brace Research I n s t i t u t e ,  Montreal . 
G i  11 Lessard, Fores t ry  Advisor,  AFNS, IDRC. 
Table 5 (ii) ktwf 
OM end Ron-Cancemmlonal Comltmontm f o r  b e r g  Dmrelopment. 
i rd i r idua l  Walt ibtmral  Ina t l tu t ionr  and Energr Sub-Sector.. 1979 
Source; OECD DCD/81.3(Ist Rev) ,27th May 1981 page 10 






3 .  d g a Z 3 E .I a 8 & 
0 - - - - - - - - - 
o - - - - 
0 Z f f . o  - - - - - - - - - - - - - 
- - - - - 
o - - - - 
277.0 277.0 - - - 
o m -  - - - - - - - - - - - 75.0 75.0 
- - - - - - - - - - 
- =  - U M  - - - - - 
39.0 0 - 39.0 - 
5.7 - - - 5.7 
295.4 130.0 - 165.4 - 
o - - - - 
m 3 6 6 . 0 5 0 2 a  - 
o - - - - 
929.2 566.0 502.5 60.7 - 
(929.2) (366.0) (502.5) (60.7) - 
0 - - - - 
0 - - - - 
0 - - . -  - 
o . - - - - - - - - - - - - - 
o - - - - 
0 - - - - 
0 0 - - - - 0 - - - - - - - - - - - - 
389.6 3oO.o 50.0 - 
42.0 - - 12.5 - - - - - 
2010.9 1148.0 552.5 265.1 45.3 
t ra in ing*  exteasion s e n i c e r .  e tc .  
OD1 m l t i l a t e r a l  




I. Overall Enerm Plroalr+,&(l) 
11. R e r r r  Conaemt loq  
111. i(eaource S u r r r ~  
n. 
1. M e r e l o p u o n t ( 2  
2. O i l  production 
3. Arroaiated --port an& 
rtorage 
4. Refinerier 
5. O i l - f w d  pwsr g h a t s  
Y. kr_ 
I. R .dere lopmt(2)  
2. Gas pro&uction 
3- Ar8oclat.d -port d 
.torage 
4. G . 8 - f l z - 4  power-plant8 
YI. 
. 1. ~ d e " l o ~ n t ( 2  ) 
2. C a  g r o d ~ c t l ~  
3. A~aocia t rd  -port-rad 
.tong. 
4. coal-2-d powr p a t .  , 
5. S p t h e t i e  f u e l  production 
VII. ~ U C ~ O U  
YIII. new and Reoew8bler 
1. R e d e r e l o p n t ( 2 )  
2. m r ~  
of vhioh: 
( a )  l ~ r g e  ( o w r  1 mv) 
(b) -1 
3. s o l u  
4. BLo(p. 




9- O i l  a. md tu und. 
10. w i n d  
11. -0ce.n 
12. Drought m u  p a r  
13. Other 
P. ?over ~ a n s a i r s i o n  as&'
m s t r i o u r i o n  
O f  which: nurl 
electrFilcatLon 
X. UnrwciiieC 
X I .  a 
(1 )  Iaclrding aumly and denmad 
( 2 )  Inclu&in(l exploration, 2eerlbilLtJ 
PI 3 a 5 a z g $  g w a
g g - 0 - 
- - - - o 
o - - - o 
m ,  - 0 - - - - - 
50.0 30.0 ,- - - 
- - - - - 
. -  - - - o 
rr.0 9 . 0  -- - 0 - - - - - - - - - - - - - - 
- - - - - - - - - - 
200.0 200.0 - - - - - - - - - - - - - 
' - - - - - 
200.0 260.0 - - - - - - - - 
mlgtlm24.0 - - - - - - 
115.8 4 . 8  77.0 24.0 - 
(115.8) ( 1 4 h )  (77.0) (24.0) - - - - - - - - - - - - 0 - - - 
4.5 4.5 - - - - - - - - - - - - - - - - - - 
. - - - - - - - - - - - - - 0 - - - - - - - - - - - 
2 7 3 . 6 -  !5.o 
202.1 175.0 9.2 1 1  6.6 - - - - - 
660.9 505.8 86.2 53.9 15.0 
nuugement. rea.arch, LnatLtution buLlding* 
r+o&lem, test in#* otc. 
4 Table 5 ((Y 
pm eommrm, wn mrmr m*rxomn 
fS u l l t a )  
I 
P B 
e 9 I E 4 ;  E: 
a - E  I L L :  - I ; , , p  I I z i i E r l l  E E Z  
( 0  (1) (9) (4) 0)  (0 (1) (1)  (9)  (10) f1*) (11) ( 0 )  (14) (19) (16) (11) (91) ( 0 )  (10) 
'- B#m= - - - - - - - -  - 0 - - - - -  - - - -  
11. - - - - - - - -  - 0 - - - - 0  . & g  - - - - -  u 91.  p 9 -  - - - - - - -  - - P J  
UA u - p . r - & A -  - - U I L J  P L f - g J  - - 
1. -rnlm-t(?) - - - 1 . 0 -  - - - - 0 - - - - -  0 - - 1.0 
1. 011 k.lr*U. - 0.1 - (1.1 - - - - - - - - - - -  - - - 19.0 
9. A m m u -  tMmm 
ud m t m r y m  0.5 - - - - - - 1.) - 4.1 - - 0.1 - - - 9.4 *.* 
4. mmrmrama - - - - - - -  - - L a - -  0 - - - - 0.1 
s. 011-r- m 
pk.ta(-)  - S l . 0  - 4 . 4  - r . 4  
1. pu - - - - - - - -  - - u -  - 
1.- Rdmlm-*(¶) - - - - - - - -  - - - - - - -  - - - -  
1. Qu ??drum - - - - - - - -  - - 5.0 - - - - - - - 5.0 
). A m m r u W  m a p o n  
&*lor--- - - - - - - - -  - - - - - - -  - - - -  
4. & * - r i d  m 
#laat*(*) - - - - - - - -  - - - - - - - 9.1 - - 5.1 
TI. a - - u - u u  - - - 0 -  0 - t t p -  - u  
7. m s d m l o m m t f ? )  - - -  - - - - - - - - - -  - - - -  
1. C u l  hrlmmriom - - - -  - - - - 14.1 - - - - - - -  - - - H.1 
9. A m m o a w  I- 
a m l o c y m  - - - - - - - -  - - - - - - -  - - - -  
4. C d - r i d  pamr 
#laarm - 4 .  - - 1.e. - 10.3 l u . 6  - - - - - - - 44.0 - - 14J.5 
9. S m t b t l m  h m l  
p & m t i m  - - - - - 0 . 6 -  - - - - - - -  - - - 0.6 
rxz. - - - - - - = -  - m  - - - - -  - - 1 1 9  
1. or r(l10h8 -1- - - - - - - - 1.1 - - (6.1 - - - - -  mu* - - - (1.1 
TXZI. pw ard I e n m b l r t  - - u -  - a  - u  a - - - -  
l . m 4 m ~ l m p . . t ( a )  0.1 - - 0.1 - - 1.4 0.1 - - - a.4 - - - - 4.9 
1. m 0.9 - - 4.9 - - 8.9 9.6 - n i . 1  1.9 - 81s.b - - 599.5 
u W b I  
A h ( 1 - - - (4.9) - - 1 4 - 1 - - a a .  - ( 1 1 . 1  - - cm.0 
(1) RU l  0 - - - - - (1.4) - - - - 0 1 - - (9.2) - , (9.9) 
9. bL.2 - - -  - - - -  - -  - - - - a -  - - - - 
4. Urp. - -  - - - -  - -  - - - - - -  - - - - 
9 . h . l r o d a m ~ d  - - - - - - 1 - - - t.1 - - 0.1 - 0.1 - - 9.5 
6. Ilmoho1 - - -  - - - -  - -  - - - - - -  - - - - 
1. ?mat - - -  - - - -  - - - - - - - -  - - - 
1. Q.ot..rrJ - -  0 . 3 - -  - - - - - -  0 - - 0.9 
9 . 0 i 1 . b r l . . I 1 1 C u . u l m -  - - - - - - - - 0 - - - - -  - - - -  
10. v a  - - - - -  - -  - - - - - -  - - - -  
11. 00.- - - -  - - - -  - -  - - - - - -  - - - - 
t ¶ . h # h t U m w L  - - - - - - - - - - - - - - -  - - - - 
0. DUrr - - -  - - - -  - -  - - - - - -  - - - -  
ZX. h r o r  % n n l r r i a n  aaq 
mr%riburaon - - - = - m u  - u s x u u  u u  Q m  
1. OI rh lobl  rrrrl 
a l m c k l s l ~ a u o a  - - - 20.4 - - '  1.0 m.9 - - 14.1 - - 8.6 - - 66.6 - 1n.1 
1- BmcEuM - - -  - -  - u  u - - - - - - -  - - 
~ A L  E I I ~ O T  1.6 4.2 - n 1 - 1.0 9 . 1  - m . 5  40 .  9.6 Y .  1.1 9 1 2 . 2  1 . 4  10.1 in*.~ 
( 0  I s o l u d ~ y  n p p i y  &d a d  n u p u n s .  n m m ~ h .  ~mtiktiom b a i l 4 ~ a ( ,  ~ . L n i r y .  mrtnmlmn urrlcmm. ate.  
(2)  Iae lvOlu  rxplmrrtloa. i-miblllry *Wlmm, romtlry. mtc. 
(.) 011-tLr.4 pwmr #).IIU YI l a m i d m  a u t m  t a r  @a r m  p u a ~  plamt*. rbmn tba l a t l o r  U. ~t - m ~ i a * W  matlmm4. 
(-1 OI tm&b :7w.6 IW w ~ ~ t 4  rrm*. 
Source: OECD DCDB1.3 ( 1 s t  Rev) 27th  May 1981 page 8. 
Table 4. 
CURRENT AND DESIRABLE WORLD BANK ENERGY LENDING PROGRAMS, 
FY 1981-85 
(Million current US do l l a r s )  
Current Desirable 
Lending Total  Project  Lending Total  Project 
Program Cost Program Cost 
Coal and Ligni te  - / a  840 4,270 2,000 7,350 
O i l  and Gas 
.Predevelopment 1,020 2,610 
O i l  Development /b 1,755 5,900 
Gas Development - 1,210 3,250 
3,985 11,760 
Refineries 150 400 1,000 
Renewables 
Fuelwood 425 850 1,100 2,200 
Alcohol 200 2,100 650 4,550 
625 2,950 1,750 6,750 
E lec t r i c  Power 7,590 37,950 11,000 47,450 
Indus t r i a l  Retro- 
f i t t i n g  0 0 
TOTAL 13,190 - /d 57,330 
Bank Share of 
Total  Project  
Cost (percent) 
/a  Includes coal  gas i f i ca t ion  pro jec ts .  -
/b  Includes heavy o i l  projects .  
Includes methanol. 
Does not provide f o r  any lending t o  China. - 
Source: Worl d Bank 1980 
.F 
Table 3. 
Sumnary o f  Aid Finance t o  t h e  Energy Sec tor  of Developing Countries 
(mil 1 ions cur ren t  US d o l l a r s )  
World Bank Group 1 
OECD Bll a t e r a l  oda $972 
non-oda $5259 
Regional Development Banks 3 
oda 
non-oda 
O P E C ~  $850 
Total oda and mu1 t i  1 a t e r a l  ass i s tance  
Notes 
1. Source: Worl d Bank 1980 
2. Source: OECD Report DCD/81.3 Feb 1981 
3. 'Source: UNERG panel repor t  on f inance A/CONF/lOO/PC/29 19 Jan 1981 
4. The t o t a l  of $5,600 i s  given by the Norld Bank a s  covering 
a l l  commitments of o f f i c i a l  development a s s i s t ance  and loans from the  
mu1 i l a t e r a l  agencies (World Bank 1980 para 1.10).  However i t  i s  not 
c l e a r  what account has been taken of expenditures through t h e  U N  system. 
Table 2 
AN ENERGY CUSSEICATION OF DEVELOPING COUNTSUES 
-- - - 
N I T  OIL EXPORTING DEVELOPING COUNTRIES I 
- 
0 1 1  IMrORnNG DEVELOPING C O L , E S C '  
NET 0 1 1  I M ~ O # ~ S  I 
AS I COMMERCIAL OPEC Membm Non-OPEC 
ENERGY  DEMAND^ 16- 30% JI-13% 16-1002 
Source: World Bank 1980 page 5. 
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820 210 245 395 
UN Worid Encrlv Statutics I018 (e~ccpt  tor Bhutan. Botrvane. 
eatlmates of fuelwooa sItuatlon. Populat~on data from b m  
Dr~eloomrnt Repon. 1080 roundad to nearest I mil l~on. 
L/ bc lud in# countr in with 1911 p r  capita GNP above I3000 and countr in with populations o f  1.u than 0.1 mill ion that are not memben of 
the Wodd Bank. 
b_/ Imports I 91 8 
r_! Counoas wera placad in t h s  catqor r  i f  esttmated a n n d  conrumption of f ue lwod  could not be suslalned 
throuth the year 2000, without damate to  the ecolosy. at a level o f  0.1s m p r  capita where income per 
head (in 1070) w u  balow 1300. fallins Ilnaarly to 0.10 m 3  at $600 and .em at 1900. Many counnin  not 
mcluded in this m u p  have or will h m  f w l w o d  problanu in local u a u .  
Table 1 .  
O i  1 Pri,ce Chanaes 1972-1 980 









1980 1st h a l f  
1980 2nd ha1 f 
In constant  1970 
' US$ 
Source: Asian Development Bank,. Regional Energy Survey March 1981 page 218 
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' a u t h o r i t a t i v e '  reviews o f  p a r t i c u l a r  areas o f  research (energy planning 
approaches and the  method01 og ica l  problems of r u r a l  energy surveys, being 
among the  prime candidates); o r  i t  might  be a more regu la r  a c t i v i t y  o f  
moni tor ing energy research i n  spec i f i c  f i e l d s  i n  consul t a t i o n  w i t h  groups 
o f  eminent researchers. A model f o r  t h i s  l a t t e r  a c t i v i t y  might be t h e  
IDRC support f o r  the  Research Review and Advisory Group i n  Education (RRAG). 
C. Research f o r  Energy Planning 
The t h i r d  category o f  research inc ludes a range o f  research issues 
t h a t  s p e c i f i c a l  l y  p rov ide  t h e  underpinning t o  energy sec to r  p l  anni ng. One 
group o f  issues d i r e c t l y  complements t h e  .previous category by i d e n t i f y i n g  
t he  l a r g e l y  non-technical p o l i c y  opt ions associated w i t h  the  management of 
- 
energy demand and supply. Such research might  i nc l ude  energy p r i c i n g  
studies;  s tud ies of energy conservat ion po l  i c y ;  s tud ies  o f  t he  energy 
impl i c a t i o n s  o f  d i f f e r e n t  s t r a teg ies  f o r  t ranspor t ,  i n d u s t r i a l  i sa t i on ,  
ag r i cu l t u re ,  r u r a l  development, urbanisat ion;  s tud ies  o f  t he  r e l a t i o n s h i p  between 
energy and n u t r i t i o n ,  energy and employment, energy and t r ade  and so f o r t h .  
Research would a l so  be inc luded i n  t h i s  category on t h e  p o l i c i e s  associated 
w i t h  the  development o f  the range o f  energy suppl ies:  energy investment 
po l  i cy ;  fuel  import  po l  i cy ;  exp lo ra t i on  pol  i cy ;  resource dep le t ion  pol  icy ;  
and p o l i c y  towards t he  impor ta t ion  o f  energy conversion and u t i l i z i n g  
techno1 ogy . 
A second group o f  research issues invo lves  t h e  development of a 
s t r a tegy  f o r  energy research and development; and the  development o f  l o c a l  
capabi 1 i t i e s  f o r  research, p lanning , negot ia t ion ,  manufacture, 
impl ementation, and t r a i n i n g  i n  the  energy Sectbr. 
The nex t  steps 
The major d i r e c t i o n  o f  an expanded energy programme w i t h i n  I D R C  w i l l  
be l a r g e l y  determined by t h e  sca le  o f  funds a l l o c a t e d  t o  t he  a c t i v i t y  and 
t o  t he  admin is ta t i ve  arrangements t h a t  a re  made - two issues t h a t  a re  
outs ide the  terms o f  reference of t h i s  repor t .  Bu t  i s  the  general p r i n c i p l e s  
of t h i s  r e p o r t  a re  accepted there  i s  no need f o r  any expanded programme t o  
represent a major departure f rom cu r ren t  IDRC procedures nor from the  
types of energy r e l a t e d  research t h a t  a re  c u r r e n t l y  supported. Current  
energy research support i s  concentrated on t he  fuelwood sector  and energy 
pol i c y  s tud ies  ( l a r g e l y  i n  the form o f  soc ia l  and economic eva luat ions of 
small scale.  energy technology and surveys o f  cu r ren t  energy use i n  r u r a l  
areas). Other energy research has been undertaken from t ime t o  t ime as 
p a r t  o f  t he  main a c t i v i t y  o f  e x i s t i n g  d i v i s i ons :  small sca le  methane 
product ion r e l a t e d  t o  t h e  disposal  o f  human waste; wind power i n  r e l a t i o n  t o  
the pumping o f  d r i n k i n g  water; energy in fo rmat ion  systems; and t he  t r a i n i n g  
o f  energy researchers through t he  Human Resources D i v i s i on .  An expanded 
programme could  i n i t i a l l y  be b u i l t  on e x i s t i n g  c a p a b i l i t i e s .  
It appears t h a t  i h e r e  i s  a' demand f o r  the t ype  of ass is tance t h a t  
IDRC could  prov ide t o  energy research i n  developing coun t r ies  and t h a t  such 
a programme cou ld  be b u i l t  up t o  t h e  l e v e l  o f  o ther  e x i s t i n g  IDRC programmes 
over a number o f  years.  I n i t i a l l y  the  main -determinant of the  speed a t  
which a programme could  be developed would be t h e  number o f  IDRC sta f f  
involved. 
Whatever the  s i z e  o f  t h e  programme and i t s  u l t i m a t e  form there  i s  one 
task which stands o u t  as being an essen t ia l  f i r s t  step: as the  review has 
shown there  i s  a pressing need f o r  " research on research"; t h i s  need 
der ives n o t  j u s t  from t h e  requirements o f  IDRC t o  know what i s  going on 
bu t  i t  a l s o  der i ves  f rom the  needs o f  any coun t ry  o r  a i d  agency developing 
a more co-ordinated approach t o  energy research and development. Such an 
a c t i v i t y  cou ld  take many forms and might  be done alone o r  i n  assoc ia t ion  
w i t h  o ther  donors. I t  might  range from t h e  comnissioning o f  a se r ies  of 
4 , w 
an t i c i pa ted  demand should be met; b u t  i n  fu tu re  i t  i s  l i k e l y  t h a t  a more 
i n t e r v e n t i o n i s t s  pol  Scy w i l l  have t o  be pursued i n  many countr ies, i n  which 
some types o f  demand are encouraged a t  t he  expense of others;  i t  i s  l i k e l y ,  
f o r  instance, t h a t  the  need f c r  comnercial energy suppl i e s  w i l l  form a b ind ing 
cons t ra i n t  on the implementation of many i n d u s t r i a l  and a g r i c u l t u r a l  develop- 
ment s t r a teg ies  c u r r e n t l y  being contemplated and t h e r e f o r e  d i f f e r e n t  s t r a teg ies  
w i l l  have t o  be considered. Research would o f t e n  be requ i red  t o  determine 
what research had a l ready been c a r r i e d  ou t  and t o  improve the  research methods 
c u r r e n t l y  used. There wbuld be a need t o  develop a research s t r a tegy  which 
combined r a p i d  appra isa ls  (which form t h e  b u l k  o f  c u r r e n t  research) w i t h  
longer term ana lys is  o f  changes. 
The na tu re  o f  energy problems a l so  requ i res  an understanding o f  t he  energy 
resources t h a t  a re  1 i k e l y  t o  be ava i lab le .  IDRCi s ass is tance might  best  be 
focussed on t h e  assessment o f  the  energy resources a v a i l a b l e  t o  r u r a l  
populat ions, p a r t i c u l a r l y  i n  respect  t o  t h e  biomass. There i s  a l s o  a pressing 
need t o  determine the  ex ten t  of f o s s i l  f u e l  and hydro p o t e n t i a l  i n  many 
countr ies,  b u t  the  h igh cos t  of such research i s  l i k e l y  t o  r e s t r i c t  IDRCis 
a b i l i t y  t o  respond. However, a l i m i t e d  r o l e  might  i nvo l ve  support f o r  
research t o  improve t he  know1 edge requ i red  by developing count r ies  when 
nego t i a t i ng  exp lo ra t i on  cont racts  w i t h  f o r e i g n  f i r m s  . 
B. Research t o  i d e n t i t y  and evaluate energy technologies 
For  most developing countr ies,  the  problem o f  imp1 ementing e f f e c t i v e  
energy po l  i c i e s  w i  11 n o t  require.  research t o  generate fundamental l y  new 
knowledge. The main task  w i l l  be t o  i d e n t i f y  and review what i s  a l ready 
known, t o  eva luate  t h i s  knowledge i n  comparison w i t h  o the r  opt ions and 
i n  r e l a t i o n  t o  the  coun t ry ' s  needs and l o c a l  circumstances; and, where t h i s  
knowledge i s  embodied i n  hardware, t o  adapt i t  t o  t h e  requirements of l o c a l  
manufacture and use. 
Many o f  the  energy research proposals t h a t  a re  l i k e l y  t o  be received 
by IDRC w i l l  be associated w i t h  techn ica l  research on p a r t i c u l a r  energy 
conversion and u t i  1 i s a t i o n  devices. IDRC should d i sc r im ina te  between 
such research n o t  on l y  on the  grounds o f  c o s t  ( f o r  some o f  t h i s  research 
can be expected t o  be very c o s t l y )  b u t  a l so  on t he  grounds o f :  ( i )  whether 
t h e  research represents a genuine comparison o f  a range o f  opt ions under 
ac tua l  operat ing condi t ions,  ( i i )  whether an a t tempt  i s  made t o  match the 
technology t o  a known s e t  o f  soc ia l ,  economic and techn ica l  requirements, 
( i i  i )  whether t he  r e s u l t s  a re  1 i ke l y  t o  be independent and au tho r i t i ve ,  
and, ( i v )  whether a s u f f i c i e n t l y  m u l t i d i s c i p l i n a r y  approach i s  adopted t h a t  
takes i n t o  account the  Social ,  economic and techn ica l  aspects o f  ' t he  problem. . 
I t  i s  expected t h a t  a l a rge  .p ropor t ion  o f  the  p r o j e c t s  i n  t h i s  category 
w i l l  be associated w i t h  the  eva luat ion o f  small  sca le  technologies f o r  
predominantly r u r a l  appl i c a t i o n .  But  i n  a s i g n i f i c a n t  number o f  count r ies  
the re  would a l so  appear t o  be a need f o r  independent research on t he  r e l a t i v e  
mer i t s  o f  t he  l a r g e r  systems - p a r t i c u l a r l y  nuc lear ,  l a r g e  sca le  ethanol 
and l a r g e  sca le  r u r a l  e l e c t r i f i c a t i o n  schemes. Th is  research would n o t  
i nvo l ve  the  t e s t i n g  of the  devices themselves b u t  would r a t h e r  be based on 
the  ana lys is  o f  i n fo rmat ion  c u l l e d  from e x i s t i n g  sources. 
E x i s t i n g  1 i t e r a t u r e  on the  eva lua t ion  of energy techno1 og i  es under genuine 
operat ing cond i t i ons  i s  o f t e n  inadequate and t h e r e  i s  a need f o r  an improvement 
i n  the research methods and some agreement about t h e  form i n  which such analyses 
are presented i n  order t o  f a c i l i t a t e  r e a l  i s t i c  comparisons. 
The areas where research funding i s  r equ i red  w i l l  best  be i d e n t i f i e d  
through those procedures t h a t  IDRC has p rev ious ly  fo l lowed i n  the  development 
o f  e x i s t i n g  programmes: consu l t a t i on  w i t h  researchers and p o l i c y  makers; the 
eva luat ion o f  proposals by knawledgable people; t h e  moni tor ing o f  research 
publ icat ions;  and the  commissioning o f  systematic 'research on research'.  
However, the speed w i t h  which such a programne cou ld  be developed w i l l  very  
much depend no t  on l y  on the capac i ty  o f  developing coun t r ies  t o  absorb funds, 
b u t  a lso  on t he  a b i l i t y  o f  t he  Centre t o  r e c r u i t  adequate s t a f f .  This may 
impose a very  r e a l  c o n s t r a i n t  as a l l  the  agencies in terv iewed suggested t h a t  
l a c k  of s k i l l e d  manpower was a major l i m i t a t i o n  on t h e i r  own a c t i v i t i e s ;  
t h i s  was sa id  t o  be espec ia l l y  t he  case i n  Canadian M i n i s t r y  o f  Energy Mines 
and Resources, and t he  Canadian Nat iona l  Research Counci 1 ) . 
The e a r l i e r  sect ions o f  t h i s  r e p o r t  suggest t h a t  there  i s  i n i t i a l l y  
a need f o r  research across t h e  range of energy problems and not, f o r  instance, 
j u s t  i n  the  area o f  new and renewable sources o f  energy o r  i n  energy economics. 
I f  r e s t r i c t i o n s  have t o  be made, they are perhaps b e t t e r  made i n  terms of an 
assessment o f  the 1 i ke ly  benef i c i a r i  es o f  the research and the  1 i k e l  i hood 
o f  t h e  research leading t o  e f f e c t i v e  assistance t o  t h e  mass o f  t he  people 
r a t h e r  than by t he  demarcation of s p e c i f i c  t o p i c s  o r  s p e c i f i c  technologies. 
However, the  e a r l  i e r  ana lys is  imp1 i e s  t h a t  even such an equ i ty  c r i t e r i o n  
might be unproduct ively r e s t r i c t i v e ,  g iven t h a t  t he  energy problems of poor 
people a re  d i r e c t l y  l i n k e d  t o  t he  energy use of o the r  sect ions of the 
society;  f o r  example, a poss ib le  op t ion  f o r  meeting the energy needs of 
a g r i c u l t u r e  may be through t h e  r e s t r i c t i o n  o f  energy use by sect ions of the 
urban populat ion. 
From what has been sa id  so f a r ,  f o u r  areas o f  research stand ou t  as 
being p a r t i c u l a r l y  appropr ia te  f o r  IDRC support. 
A.  Research t o  i d e n t i f y  and speci fy energy problems 
The f i r s t  p r i o r i t y  i s  f o r  developing coun t r ies  t o  develop the c a p a b i l i t y  
t o  understand t he  na tu re  o f  the energy problems they face. From such research 
a1 1 o ther  p o l i c i e s  and act ions fo l low.  The c l e a r  i d e n t i f i c a t i o n  of the  
casual r e l a t i o n s  associated w i t h  a p a r t i c u l a r  problem enable ac t ions  t o  be 
taken a t  the po in t  most l i k e l y  t o  produce e f f ec t i ve  resu l t s .  It enables 
so lu t ions  t o  be sought f o r  p a r t i c u l a r  problems r a t h e r  than, as commonly occurs 
a t  t he  moment, problems being sought which are thought t o  be su i t ab le  f o r  a 
p a r t i c u l a r  technology. It provides a bas is  f o r  making decis ions about the 
a1 1 oca t i o n  o f  research and development resources, the  management of energy 
supply and demand, the  'a1 l o c a t i o n  o f  investment, and the  s p e c i f i c a t i o n  of 
a i d  requirements. The independence of developing count r ies  requi res t h a t  
they undertake t h i s  research themselves and t h a t  they determine t he  
s ign i f icance o f  each problem. It ' i s  a l s o  l i k e l y  t h a t  as t h i s  k ind  of research 
necessi tates a de ta i l ed  knowledge o f  l o c a l  cond i t ions  the  research w i l l  be 
best done by l o c a l  people. 
The research t h a t  i s  r equ i red  would cover the  range o f  t op i cs  from the  
'macro' ana lys is  of the energy supply and demand prospects facing the whole 
economy, through the analys is  of t h e  requirements of p a r t i c u l a r  sub-sectors 
and regions, t o  the  'micro '  ana lys is  of t he  c u r r e n t  energy use p a t t e r n  
and fu ture requirements of p a r t i c u l a r  soc ia l  groups, such as r u r a l  energy 
surveys. The s tud ies  t o  determine the energy needs of r u r a l  populat ions a re  
p a r t i c u l a r l y  re1 evant, g iven the  cu r ren t  l ack  o f  know1 edge of energy resources 
which do n o t  enter  the  cash economy and t h e  c r i t i c a l  funct ion t h a t  understanding 
users '  needs plays i n  t he  i n t r o d u c t i o n  o f  t echn i ca l  change i n  subsistence 
economies. Much previous ana lys is  o f  energy demand has assumed t h a t  t he  
t o  evdluate i t  i n  t h e i r  own environment, and adapt i t  t o  t h e i r  own advantage. 
This emphasis on c rea t i ng  the capac i t y  t o  choose and t he  r e l i a n c e  
on proven opt ions i s  shared by a number of a u t h o r i t i e s .  Weiss and others, 
a t  t he  World Bank, suggest t h a t  i n  t h e  f i e l d  o f  new and renewable sources 
o f  energy a t  l e a s t  "a major problem fac i ng  planners and prospect ive users o f  
these renewable energy technologies i s  t h a t  o f  making informed choices 
among competing processes and equipment" (1980 para. 3.20) . . . . . . "developing 
coun t r ies  would der i ve  major bene f i  ts.. . . . . . .from b u i l  d ing technolog ica l  
capaci ty ......... t o  assess needs and resources and t o  choose, adapt, c rea te  
and d i f f u s e  renewable energy technology su i ted  t o  t h e i r  needsu( p. i ). 
S im i l a r  views a re  he ld  by t he  OECD (1979, p. 28), Bart lem and Hoffman 
(1980, p. 126), UNERG (1981). 
A mu1 t i d i s c i p l  i n a r y  approach t o  problems 
'The. t h i r d  p r i n c i p l e  which emerges f rom the d iscuss ion i s  t h a t  any IDRC 
programme should be mu1 t i d i s c i p l  i n a r y  i n  i t s  approach. Th is  r e s u l t s  f rom 
the focus on problems and needs r a t h e r  than a focus on p a r t i c u l a r  technologies. 
The c a p a b i l i t i e s  necessary t o  i d e n t i f y  energy problems and t o  make choices 
between competing opt ions r e q u i r e  t h a t  t h e  s k i 1  1 s of science and technology 
are e f f e c t i v e l y  combined w i t h  t he  f i n a n c i a l  , economic and soc io log ica l  
perspect ive of the soc ia l  sciences. However, such i n t e g r a t i o n  between t he  
d i s c i p l i n e s  i s  often d i f f i c u l t  t o  achieve. E x i s t i n g  energy research appears 
t o  be l a r g e l y  w i t h i n  the conf ines o f  a s i n g l e  t r a d i t i o n a l  d i s c i p l i n e ,  
such as engineering, f o r e s t r y  o r  economics; fur thermore the i n s t i t u t i o n a l  
s t r uc tu re  w i t h i n  IDRC has had a tendency t o  r e i n f o r c e  such d iv i s ions .  
A wide d e f i n i t i o n  of ' research '  
Much o f  the  energy research t h a t  i s  c u r r e n t l y  most c r u c i a l l y  r equ i red  
i s  1 i k e l y  to' i nvo lve  the a p p l i c a t i o n  o f  known procedures i n  new loca t ions ,  
r a t h e r  than the  generat ion of fundamental l y  new knowledge. Research i s  
requ i red t o  increase knowledge o f  cond i t i ons  w i t h i n  each country, t o  
determine the range and c h a r a c t e r i s t i c s  o f  techno1 ogy, , t o  ob ta i n  know-how 
and t o  understand what i s  a l ready known elsewhere. This research w i l l  
no t  necessar i l y  be 'academic' o r  be conf ined t o  the a c t i v i t i e s  o f  research 
laborator ies .  Such a wide range o f  a c t i v i t i e s  i s  encompassed i n  IDRC's 
char te r  and would a l l ow  the  Centre t o  meet a need i n  t h e  energy sector  t h a t  
i s  denied o ther  agencies . 
A f l e x i b l e  response 
Even i f  the research s i t u a t i o n  i n  developing count r ies  i s  no t  known 
i n  d e t a i l  two po in t s  a re  ce r t a i n :  f i r s t  t h a t  t he  s i t u a t i o n  i s  undergoing 
considerable change; and second, t h a t  t h e  1 i m i  t e d  research capabi l  i ty i n  
most count r ies  reduces t h e i r  a b i l i t y  t o  absorb f o re i gn  research funds. Such 
condi t ions argue f o r  a fund ing p o l i c y  which i s  s u f f i c i e n t l y  f l e x i b l e  t o  
respond t o  changing needs and suggests t h a t  IDRC w i l l  n o t  be overwhelmed 
by requests f o r  funds, a t  l e a s t  i n  t h e  i n i t i a l  phase of an expanded energy 
programe. These i s  t he re fo re  no g rea t  advantage t o  be gained from a 
predetermined and r i g i d l y  enforced demarcation o f  research t op i cs  t h a t  
w i l l  be considered f o r  IDRC support.  
agencies does provide a c l e a r  i n d i c a t i o n  o f  the  general d i r e c t i o n  and content 
t h a t  such an expanded programne might i n i t i a l l y  take. 
A1 though a consensus i s  emerging about t he  general c h a r a c t e r i s t i c s  o f  
t he  energy problems fac ing  T h i r d  World countr ies,  there  i s  s t i l l  very 1 i t t l e  
basis f o r  agreeing about what a c t i o n  should be taken i n  s p e c i f i c  locat ions.  
Research i s  there fo re  a necessary component ( o f t en  a r e l a t i v e l y  low c o s t  
component) of any course of ac t ion.  But  desp i te  the l ack  o f  ava i l ab le  
resources and the  h igh c o s t  o f  e r ro r ,  inadequate a t t e n t i o n  has y e t  been 
given by donors o r  developing coun t r ies  t o  the formulat ion o f  a s t ra tegy  
f o r  t he  generation and a1 l o c a t i o n  of the  resources ava i l ab le  f o r  research. 
L i t t l e  i s  known o f  the  s i z e  and d i s t r i b u t i o n  o f  the cur ren t  research e f f o r t ;  
dup l i ca t ion  o f  the  e f f o r t s  o f  both researchers and a i d  agencies appears 
conon; Energy Research p ro jec t s  appear i s o l a t e d  from the  problems of t h e  
people they a re  meant t o  a s s i s t  and from the  processes o f  planning, product ion 
and impl ementation; Th i rd  World researchers are o f t e n  i s o l a t e d  from the  
stock o f  e x i s t i n g  knowledge and t h i s  i n  t u r n  leads t o  poor proposals and 
inadequate research resu l t s ;  much o f  t he  e x i s t i n g  research focusses on 
technica l  issues o f t en  t o  t h e  exc lus ion o f  the  r e l a t e d  soc ia l  and economic 
aspects; the  r igo rous  comparison o f  energy conversion options, c a r r i e d  o u t  
under genuine operat ing cond i t ions  and from the technica l ,  economic and 
soc ia l  perspectives, i s  rare.  
I n  t h i s  context  f i v e  general p r i n c i p l e s  appear important  i n  gu id ing 
IDRC ' s  support f o r  energy research: 
' Consumer Sovereignty - - ' 
With most o ther  doners 1 i k e l y  t o  fund energy-related a c t i v i t i e s  i n  the 
Th i rd  World, i t  w i  11 be important  f o r  IDRC t o  focus on those types of 
a c t i v i t i e s  which have h i s t o r i c a l l y  d is t ingu ished  i t  from the  other  donors. 
This impl ies  a s s i s t i n g  Th i rd  World coun t r ies  t o  determine which issues are most 
important t o  them and then funding na t iona ls  of these count r ies  t o  
formulate and ca r r y  out  the necessary research. Other agencies can a lso  
take t h i s  approach, but ,  as suggested e a r l i e r ,  the general impression i s  
t ha t  the pressure t o  respond q u i c k l y  leads most donors t o  r e l y  
predominantly on the s k i l l s  o f  expar t r ia tes .  IDRC i s  well .  su i t ed  t o  t h i s  
independent r o l e  f o r ,  u n l i k e  o ther  b i l a t e r a l  a i d  programmes, i t  i s  n o t  
associated w i t h  the narrow fo re ign  p o l i c y  ob jec t i ves  o f  a p a r t i c u l a r  
government nor  i s  i t  l i n k e d  t o  t he  promotion o f  p a r t i c u l a r  goods and 
services from i n d u s t r i a l  i s e d  countr ies.  Th is  independence i s  p a r t i c u l a r l y  
important i n  the  energy sec to r  where i m p a r t i a l  in format ion i s  scarce and 
developing-country governments are i nc reas ing l y  subjected t o  the 
c o n f l i c t i n g  c la ims o f  e x p a t r i a t e  experts and c o m e r c i a l  i n te res t s .  
Bu l l d i ng  the capac i ty  t o  choose 
IDRC's s t y l e  o f  operat ion suggests t h a t  each programme should focus 
on those pa r t s  of the  research agenda which developiog coun t r ies  do best. 
The e a r l i e r  d iscussion suggests t h a t  t h e i r  'comparative advantage' i s  1 i ke ly  
t o  l i e  i n  t h a t  research which increases developing coun t r ies '  capac i ty  t o  
i d e n t i f y  probl  ems and make choices between a1 te rna t i ves .  Th is  impl i e s  t h a t  
the  focus o f  the IDRC approach should no t  be t o  i d e n t i f y  p a r t i c u l a r  types 
of hardware which show promise; r a t h e r 3 t  should be t o  enable coun t r ies  t o  
make these choices themselves by enabl i n g  them t o  es tab l i sh  what i s  known, 
b d 
i i )  t o  t e s t  and eva luate  the  var ioys opt ions c u r r e n t l y  ava i l ab le ;  
i i i )  t o  adapt t h e  technology t o  l o c a l  requirements; 
i v )  t o  develop p roduc t i ve  capac i t y  fo r  these technologies w i t h  t h e i r  
boundaries, o r  barga in  w i t h  f o r e i g n  suppl i e r s  ; 
v)  t o  b u i l d  the  necessary capac i ty  t o  t rans fe r  t h e  technology t o  
users. 
P r i o r i t i e s  such as these f i n d  wide spread support  from repo r t s  such as 
UNDP 1979, Weiss 1980, UNERG Research 1981 para. 52. 
A second conc lus ion i s  tha t ,  I n  s p i t e  of the concent ra t ion o f  
research resources i n  developed count r ies ,  c e r t a i n  research tasks a re  
bes t  done i n  t he  developing coun t r ies  themselves. Developing coun t r ies  
have a 'comparative advantage' i n  t h a t  research which i s  i n t i m a t e l y  
r e l a t e d  t o  each coun t ry ' s  unique endowment o f  phys ica l  , geographic, 
soc ia l ,  economic and pol i t i c a l  cha rac te r i s t i c s .  Th is  i s  t he  case w i t h  
research aimed a t  the  tes t ing ,  adaptat ion, and d i f f u s i o n  o f  technology 
i n  the con tex t  o f  l o c a l  cond i t i ons  and requirements. It i s  a l s o  a 
c h a r a c t e r i s t i c  of research essent ia l  t o  the  exerc ise o f  p o l i t i c a l  and 
economic con t ro l  such as the i d e n t i f i c a t i o n  of .needs,  t he  d e f i n i t i o n  o f  
p r i o r i t i e s ,  t h e  formulat ion o f  p o l i c y  and a l l  forms o f  bargaining.  A t h i r d  
category o f  research for  which developing cqun t r ies  have a comparative 
advantage a re  those where they a re  the main bene f i c ia r ies  o f  the technology 
and where research i s  n o t  c a r r i e d  ou t  by developed count r ies .  
The converse o f  these arguments would suggest t h a t  governments o f  
developed coun t r ies  (and i n t e r n a t i o n a l  research centres dominated by 
expat r ia tes)would  most u s e f u l l y  serve the  i n t e r e s t s  o f  developing coun t r ies  
by focussing t h e i r  research e f f o r t s  on areas which: 
a) i nvo l ve  very l a r g e  amounts o f  money and o ther  resources; 
b) where the r e s u l t s  a re  1 i k e l y  t o  be app l i cab le  t o  a wide range o f  
cond i t i ons  w i t h i n  developing count r ies ;  
c )  where i n t e r n a t i o n a l  comnercial concerns a re  un in te res ted  i n  app ly ing 
t h e i r  research resources because o f  t h e i r  i n a b i  1 i ty t o  ob ta in  
monopoly p r o f i t s  t o  ensure a r e t u r n  on t h e i r  investment; 
d )  where basic s c i e n t i f i c  p r i n c i p l e s  need t o  be es tab l i shed  o r  where 
standard research o r  eva luat ion procedures need f u r t h e r  development; 
e) where use can be made o f  e x i s t i n g  soph is t i ca ted  equipment o r  h i g h l y  
s k l l l  ed personnel. Such research i s  1 i ke l y  t o  be concentrated a t  the 
more basic end of t he  appl ied/bas ic  research spectrum; i t  might  invo lve  
the  compi lat ion,  ana lys is ,  and disseminat ion of e x i s t i n g  sources o f  
in format ion;  and i t  might  incorporate  t he  r o l e  o f  "honest broker'' 
i n  the  process of bargaining over technology. 
Guidel ines f o r  IDRC's Support f o r  Energy Research 
It i s  n o t  t he  purpose o f  t h i s  document t o  consider the i n s t i t u t i o n a l  
changes t h a t  would be requ i red  t o  enable the Centre t o  expand. i t s  assistance 
t o  energy research. But  the  review of issues and the survey o f  t h e  fragments 
o f  in format ion on energy t h e  a c t i v i t i e s  o f  researchers, governments and a i d  
alcohol  programme o f  B r a z i l ,  t he  smal 1-scale methane technology of 
I n d i a  o r  China, o r  some aspects o f  the  wood f u e l  problem i n  many 
count r ies .  
i i )  t o  main ta ln  a  good techn ica l  competence i n  a n t i c i p a t i o n  o f  poss ib le  
f u t u r e  needs. Th is  i s  appropr ia te  f o r  opt ions which a re  n o t  o f  t he  
h ighest  p r i o r i t y  b u t  where changes i n  energy f u t u r e s  o r  developments 
by o thers  may make i t  des i r ab le  f o r  the  coun t ry  t o  en te r  i n t o  the R 
and D process w i t h  a  s i g n i f i c a n t  l e v e l  of funding i n  t h e  fu tu re .  
For some count r ies ,  an example o f  t h i s  might  be t he  f i l m  processes 
f o r  producing photovol t a i c  c e l l  s. 
iii) t o  r e l y  on f o r e i g n  commercial o r  government i n t e r e s t s  where these have 
programmes l i k e l y  t o  s a t i s f y  t h e  coun t ry ' s  requirements. Th is  s t r a tegy  
might  be most appropr ia te  f o r  those opt ions where (a)  l o c a l  demand 
would be i n s u f f i c i e n t  t o  j u s t i f y  a  na t i ona l  research and development 
programme; (b)  where these f o r e i g n  i n t e r e s t s  have such we l l  
es tab l ished research c a p a b i l i t y  t h a t  na t i ona l  programmes a re  u n l i k e l y  
t o  be ab le  t o  compete; ( c )  o r  where t h e  techn ica l  s u p e r i o r i t y  of 
f o re i gn  f a c i  1 t i e s  i s  1  i k e l y  t o  overtake na t iona l  programmes. For 
many count r ies ,  t h i s  would be the case f o r  1  arge-scal e  e l e c t r i c i t y  
generating p l an t .  
i v )  t o  acquire and ma in ta in  t h e  s ta tus  o f  an informed buyer. Th is  would 
b e  appropr ia te  where l a )  t he re  i s  a  need t o  e s t a b l i s h  t he  l o c a l  . .  . 
resource p o t e n t i a l s  before committ ing funds t o  a  more subs tan t ia l  
R and D e f f o r t ,  o r  (b) where t h e  technology i s  we l l  es tab l i shed  
ou ts ide  the  coun t ry  and i s  1  i k e l y  t o  be b e t t e r  o r  cheaper than the  
l o c a l  product. 
v )  t o  awai t  developments elsewhere. This would be appropr ia te  f o r  
technologies which do n o t  c u r r e n t l y  meet l o c a l  needs, bu t  might  have 
relevance i n  t h e  long term, o r  i f  a subs tan t i a l  breakthrough 
occurred. 
(Th is  scheme i s  adapted f rom U.K. Department o f  Energy 1976). 
I n  choosing between these research opt ions,  devel oping coun t r i es  do 
so i n  the  wor ld  con tex t  descr ibed e a r l i e r :  
- t h a t  energy research resources i n  developing coun t r i es  a re  
genera l l y  1 i m i t e d  (though l e s s  so i n  t h e  newly i n d u s t r i a l i s i n g  
coun t r ies  , t h e  so-cal 1  ed "NICsl' ) ; 
- t h a t  bu l k  o f  t h e  wor ld ' s  R and D resources i s  concentrated i n  
developed c 0 u n t r i . e ~  (over 95% i s  a  commonly quoted f i gu re ) ;  
- t h a t  the  energy problems o f  many pa r t s  o f  the  T h i r d  World 
( p a r t i c u l a r l y  i n  r u r a l  areas) a re  s i g n i f i c a n t l y  d i f f e r e n t  from 
those f ac i ng  i n d u s t r i a l  i zed  nat ions;  
- tha t ,  though poss ib ly  more open t o  quest ion than t h e  previous 
po in ts ,  the p r i n c i p l e s  under l y ing  t he  techn ica l  opt ions 1  i k e l y  
t o  be app l ied  i n  energy sectors  o f  the  Th i rd  World a re  al ready 
we1 1 known. 
Two impor tant  conclusions f o l l o w  from t h i s .  F i r s t ,  t h a t  t he  major 
energy r e l a t e d  research tasks f ac i ng  most developing coun t r i es  w i l l  
be: 
F i r s t ,  any a1 l o c a t i o n  of research resources has t o  be f irmly based 
on a  knowledge o f  the energy s i t u a t i o n  fac ing each p a r t i c u l a r  country 
and t he  most l i k e l y  range of fu tu re  cond i t i ons .  Th is  f u t u r e  perspect ive 
i s  p a r t i c u l a r l y  important  g i t /en the  speed w i t h  which circumstances can 
change w i t h i n  an economy and the r e l a t i v e l y  long  t ime i t  takes much 
research t o  r e s u l t  i n  widespread techno1 og i ca l  innovat ion.  A t  a  t r i v i a l  
l eve l ,  t he re  i s  l i t t l e  p o i n t  i n  researching on geothermal energy i f  the 
l o c a l  geo log ica l  s t ruc tu res  a re  unpromising; b u t  more fundamentally the re  
may a l s o  be l i t t l e  value i n  researching a c t i v i t i e s  which a re  l i k e l y  t o  
a f fec t  few people. An essen t ia l  component o f  t h i s  view o f  energy prospects 
i s  an understanding of the requirements and c a p a b i l i t i e s  o f  s p e c i f i c  
users of energy. I t  i s  conventional i n  much of t h e  1  i t e r a t u r e  t o  consider 
the var ious types o f  'end use' fo r  energy and then at tempt t o  match these 
against  the p a r t i c u l a r  c h a r a c t e r i s t i c s  of the energy conversion technology. 
For instance, 1  i q u i d  fue ls  a re  p a r t i c u l a r l y  s u i t e d  t o  end uses which invo lve  
mobile engines, wh i l e  energy from w indmi l l s  i s  p a r t i c u l a r l y  su i t ed  t o  end 
uses such as water pumping f o r  which hou r l y  v a r i a t i o n s  i n  energy supply a re  
no t  c r i t i c a l  (see, f o r  instance, UNERG, 1981, Annex t o  Chapter 11; o r  
Government of Canada, 1979, Table 2.3). But i t  i s  a l so  impor tant  t o  
understand user needs a t  the niore d e t a i l e d  l e v e l  associated w i t h  the 
soci  a1 and economic requirements o f  p a r t i c u l a r  soc ia l  groups and t o  determine 
the  soc ia l  va lue o f  meeting such needs. Perhaps, most important  and o f t e n  
neg lected i n  t h i s  respect  i s  recognis ing the  l l m i t e d  purchasing power of 
t he  p o t e n t i a l  users o f  energy-related technology; b u t  i t  a l so  i s  necessary 
t o  consider soc ia l  and cu l  t u r a l  requirements. F a i l u r e  o f  energy programes , 
p a r t i c u l a r l y  those i n  r u r a l  areas o f  t he  T h i r d  World, i s  a t t r i b u t e d  t o  an 
inadequate understanding o f  such user needs ( f o r  example, see Weiss, 1980, 
para. 3.28 on so la r  cookers, Sha l l e r  1979, on woodstoves, o r  Moul i k, 1978, 
on biogas p l an t s ) .  
Understanding cur ren t  and f u t u r e  energy s i t u a t i o n s  a l so  imp l ies  a  
knowledge o f  the  a v a i l a b i l i t y  o f  energy reserves. As a l ready suggested, t h i s  
informat ion i s  n o t  known for  many developing coun t r ies ;  t h i s  i s  p a r t i c u l a r l y  
so i n  r e l a t i o n  t o  the  cu r ren t  and p o t e n t i a l  product ion of fue ls  from the  
biomass, b u t  i t  i s  a l so  the case i n  r e l a t i o n  t o  mineral  depos i ts  and hydro 
s i t e s ,  (eg UNDP 1979). An i n s i g h t  i n t o  t he  bas is  of many o f  these resource 
est imates and the uncer ta in ty  which surrounds them i s  provided f o r  I n d i a  
by Desai (1 980) ; other  examples are  g iven i n  Be1 t r a n  1981 and Fonseca 1981. 
A second element i n  the fo rmu la t ion  of any energy research p o l i c y  
invo lves a  p r e l  iminary  i d e n t i f i c a t i o n  of t h e  poss ib le  opt ions ava i l ab le  t o  
meet f u t u r e  needs and the research necessary t o  b r i n g  these opt ions i n t o  
use. Against  the background o f  energy requirements, user needs and 
resource endowment, a  number o f  opt ions can be i d e n t i f i e d  which o f f e r  the  
p o s s i b i l i t y  o f  making a  s i g n i f i c a n t  c o n t r i b u t i o n  t o  a  range o f  1  i k e l y  energy 
futures.  These opt ions w i l l  i n vo l ve  both  techn ica l  and non-technical 
components and w i l l  i nc lude  a range o f  p o l i c i e s  f o r  the management o f  
energy demand and the  means by which techn ica l  so l u t i ons  might  be 
implemented. For each o f  these opt ions,  one of f i v e  poss ib le  research 
s t r a teg ies  i s  possib le:  
i ) t o  take a  na t iona l  lead i n  order t o  p rov ide  t h e  count ry  w i t h  a  f i r m  
con t ro l  over the  techn ica l  o r i e n t a t i o n  and t ime sca le  o f  the  research 
programme. This might  be most appropr ia te  f o r  opt ions t h a t  (a) seem 
essen t ia l  t o  the  count ry  on most views o f  the f u tu re ;  (b) a re  c u r r e n t l y  
neglected by t he  research e f f o r t s  o f  o ther  groups; ( c )  where e x i s t i n g  
knowledge i s  lack ing.  Examples o f  t h i s  op t i on  might  be t h e  f u e l  
I s o l a t e d  pieces o f  research on s p e c i f i c  smal l s c a l e  technologies a re  a l so  
f a i r l y  widespread. P a r t i c u l a r  emphasis appears t o  be being given t o  
methane production, (East A f r i c a )  s o l a r  energy ( p r i m a r i l y  i n  Franco-phone 
-count r ies  i n  assoc ia t ion  w i t h  French and American a i d  programmes), f u e l  
wood and wind energy. 
A Research St ra tegy 
There may be complete agreement t h a t  research forms a key component 
o f  the response t o  t h e  changing energy pos i t i on ;  b u t  agreement i s  l ess  
easy t o  e s t a b l i s h  about t he  sca le  of t h e  research t h a t  i s  necessary and t he  
a c t i v i t i e s  which requ i re  p a r t i c u l a r  emphasis. A number o f  papers and 
repo r t s  have been produced i n  recen t  years which i n d i c a t e  research 
p r i o r i t i e s .  But most o f  these s tud ies  r e s t r i c t  t h e i r  purview t o  new 
and renewable sources, and o f t e n  a re  formula ted i n  a vacuum devoid o f  
f i nanc ia l  cons t ra i n t s  and a knowledge o f  e x i s t i n g  research o r  c a p a b i l i t i e s .  
When necessary these s tud ies w i l l  be drawn upon i n  what fo l l ows .  But 
before g e t t i n g  i n t o  t he  d e t a i l s  a number o f  p re l im ina ry  remarks are  
appropr iate.  
I t  i s  c l e a r l y  no t  poss ib le  ( o r  sens ib le)  f o r  each .country t o  
adequately research every problem r e l a t e d  t o  t h e  .energy sector. The 
choice o f  what should be researched cou ld  be l e . f t  t o  t he  personal 
preferences o f  t he  i n d i v i d u a l  researchers, and t h i s . m i g h t  be j u s t i f i e d  
w i t h  reference t o  academic freedom. Researchers ' preferences a re  
repor ted t o  be dominant i n  many.countr ies'  energy R.and D a c t i v i t y  
(UNDP 1980 para. 112, UNERG LA 1981 para. 13). It has t o  be agreed t h a t  
much research e f f o r t  f a1  t e r s  because planners (even if they a re  a l so  
eminent s c i e n t i s t s )  cannot ge t  researchers t o  do what they do n o t  want 
t o  do. But  t h ree  arguments suggest t h a t  c o n t r o l  through a research 
s t ra tegy  o f  some k i nd  i s  required:  
i )  most research funds i n  developing coun t r ies  a re  suppl ied o r  
con t ro l  1 ed by government ( usua l l y  a much h igher  percentage than 
i n  western i n d u s t r i a l  i s e d  coun t r ies  which have a l a rge  p r i v a t e  
research sec to r )  ; 
ii) the  i n t e r n a t i o n a l  s c i e n t i f i c  community i s  dominated by people i n  
i n d u s t r i a l i s e d  coun t r ies  whose values, reward systems and research 
p r i o r i t i e s  do n o t  necessar i l y  co inc i de  w i t h  the  requirements o f  
non- indus t r ia l  i sed  s o c i e t i e s  ( t h i s    hen omen on has been wide ly  
repor ted  (see, f o r  instance,   err era i n  Cooper, 1973, and peddy, 
1979) ; 
i ii ) a1 though unproduct ive research a c t i v i t i e s  a re  an i n e v i  tab1 e p a r t  o f  
any research e f f o r t ,  i t  i s  poss ib le  t o  d i sc r im ina te  between research 
proposals i n  terms o f  t h e i r  l i k e l y  va lue t o  soc ie ty .  
Any research s t ra tegy  must s t r i k e  a balance between requirements, 
resources, capabi 1 i t i e s ,  and t h e  1 i k e l y  a c t i v i t i e s  o f  others.  The v a r i a t i o n  
i n  these elements between coun t r ies  suggests t h a t  each counf ry  w i l l  have t o  
develop i t s  own s t r a tegy  and any general i s a t i o n ,  p a r t i c u l a r l y  about 
research on p a r t i c u l a r  devices, i s  l i k e l y  t o  be both  wrong and misleading.  
However, a number o f  general p r i n c i p l e s  have been found use fu l  i n  generat ing 
research s t ra teg ies .  
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suggestsa number of specified areas t h a t  require fur ther  research. In 
part icular  i t  suggests t h a t  research in coal mining should be re-orientated 
from research t o  conserve cozl t o  research re la ted  t o  the massive 
expansion of coal mining envisaged in the plan; i t  is also argued t h a t  the 
current annual level of R and D in the power sector  (200 million rupees) 
is disproportionately low considering the  s i r e  of investment i n  t he  sector;  
much of the current R and D i n  t he  power sec tor  i s  said t o  involve routine 
qua1 i ty  control and test ing ra ther  than genuinely Innovative research. In 
relat ion t o  a1 ternat ive solJrces of energy, co-ordinated programmes have been 
developed i n  t he  f i e l d s  of so la r  and biomass energy, b u t  the  issue now 
appears t o  be one of moving from the laboratory t o  commercial isat ion.  The 
report notes t h a t  the  severe problem of popularising the  application of 
the  r e su l t s  of a l l  energy R and D programmes when "only a few progammes 
will lead to  d i r e c t  monetary savings and p ro f i t s  i n  the near term" (p.386). 
Other sources describe over 140 research projects i n . .  India on solar-  
thermal conversion and photovol t a i c  processes (Tata 1978) and provide 
progress reports on the  42 public and private  ins t i tu t ions  undertaking 
renewable energy research (Tata 1980). L i t t l e  information is avai lable  
on expenditure on R and D. The only pat tern t o  emerge from the various 
1 istings of projects is t h a t  a1 though a grea t  deal of advanced research 
is being undertaken, there i s  a marked absence of market surveys, s tudies  
of the economic v i a b i l i t y  of energy technology and social impact s tudies;  
however t h i s  lack may be due t o  inadequate sources of information ra ther  
than t o  a real absence of research. India has perhaps the  longest history 
of undertaking rural energy surveys which emphasise fuel wood use. 
The research a c t i v i t i e s  of the Philippine Ministry of Energy i n  the 
new and renewable energy sector  a r e  .made avai lable  through an annual progress 
report. Approximately 82.5 mill ion US has been spent on non-conventional 
energy Research and Devel opment between 1977 and 1980. Eighteen projects 
have been completed and a fur ther  50 a re  now underway. Principle 
achievements a re  said to  be the development and demonstration of producer 
gas engines u s i n g  agricul tural  waste to  run 45 kw i r r iga t ions  systems and 
wood f i r ed  e l e c t r i c i t y  generation plants  ( the  f i r s t  i s  rated a t  500 kw 
and plans for  another a t  2-5 M W ) .  In fu ture  greater  emphasis will be placed 
on the del ivery and dissemination of techno1 ogy rather  than being 1 imited 
to  technology development. In addition t o  largely technical research recently 
approved projects include "social investment analysis of energy R and D 
under Philippine conditions" and energy demand surveys. The 1980 programme 
is  expected t o  spend 81.25 million US of local funds in addition t o  an 
unspecified amount of foreign support. 
Other Asian countries compile 1 ists of energy research projects,  but 
they tend t o  concentrate so le ly  on so-called new and renewable sources of 
energy. For instance the National Research Council of Thailand l i s t s  ( i n  
Thai) 96 research projects on new sources of energy b u t  only two of these 
a re  said not t o  be confined t o  hardware development. 
Information on African energy research e f f o r t s  could not be obtained 
although annecdotal evidence and requests t o  IDRC suggests some research 
is being undertaken i n  many countries.  For instance attempts t o  determine 
rural energy requirements a r e  known t o  have been undertaken (or  a re  i n  
progress) i n  Egypt, Kenya, Tanzania, Nigeria end Sierra  Leone. 
r e l evan t  research; t h i s  has been achieved i n  t h e  f i r s t  instance by 
commissioning f o u r  s tud ies  on var ious aspects o f  energy po l  i c y  opt ions 
f ac i ng  L a t i n  America, i nc l ud ing  t h e  o i l  r e f i n i n g  s i t ua t i on ,  and t h e  prospects 
f o r  non-conventional sources o f  energy. Fur ther  e f f o r t s  have been d i r e c t e d  
towards t h e  product; on o f  several method01 og ica l  manual s t o  p rov ide  
assistance t o  those people undertaking research i n  the  reg ion  and t o  prov ide 
a more standard approach t o  in fo rmat ion  gather ing.  
I n  very broad terms t h e  OLADE s tud ies  conclude t h a t  t he re  i s  a very 
pressing need f o r  research t o  es tab l  i s h  conventional and non-conventional 
energy reserves o f  t h e  region,  p a r t i c u l a r l y  i n  respect  o f  hydro p o t e n t i a l  
and t he  researves o f  uranium and coal.  Much o f  t h e  work t h a t  has a l ready 
been done i s  1 im i t ed  by t h e  l a c k  o f  cormon research standards and d e f i n i t i o n s .  
Research capac i ty  i s  c u r r e n t l y  n o t  ava i l ab le  t o  adequately evaluate non- 
conventional sources o f  energy; t h e  on l y  s i g n i f i c a n t  at tempt t o  b u i l d  up 
t he  requ i red research i n f r a s t r u c t u r e  i n  t h e  reg ion  i s  t h a t  associated w i t h  
the  B r a z i l  i a n  f u e l  a1 coho1 programme. The c rea t i on  o f  research capac i ty  
i s  constra ined more by f inance, equi pment, and b i  bl '  i og raph ica l  ma te r i a l  
than by lack  o f  s k i l l e d  manpower. Although OtADE i s  f u l l y  conscious o f  
t h e  importance o f  research, and i t s  r epo r t s  have o u t l i n e d  t h e  most 
pressing tasks f o r ' a  se r i es  o f  new research centres, i t  has n o t  y e t  
establ ished a major research programme f o r  t h e  immediate f u t u r e  nor does 
i t  count on a s i zab le  increase i n  funds t o  support i t s  own research e f f o r t s .  
The B r a z i l i a n  a lcohol  programme has been a t  t he  cen t re  o f  L a t i n  American, 
i f  no t  world, a t t e n t i o n  f o r  i t  provides t h e  case o f  a developing count ry  
becoming a wor ld  leader i n  a new energy technology (China and I n d i a  might  a lso  
be considered i n  t h i s  category i n  connection w i t h  small  sca le  methane product ion).  
S 900 m i l l i o n  US had been invested i n  t h e  programme by 1979; product ion was 
2.6 m i l l i o n  cub ic  metres i n  1978/9,with an an t i c i pa ted  product ion o f  
4 m i l l i o n  cub ic  metres i n  1979/80 (B raz i l ,  no date).  This programme has been 
associated w i t h  a cons iderab le  research e f f o r t ' c o - o r d i n a t e d  by t h e  m i n i s t r y  
o f  Indus t ry  and Commerce and inc ludes research on sugar cane, ethanol 
product ion and t he  m o d i f i c a t i o n  o f  automobile engines. However, no s t a t i s t i c s  
on t h i s  R and D expendi ture have been found. Related research has been 
conducted both i n s i d e  and ou ts ide  B r a z i l  on t h e  poss ib ly  det r imenta l  e f f e c t s  
of the  programme on t he  we l fa re  o f  the  mass o f  B r a z i l  i a n  people (see B r a z i l  
1979,FONSECA 1981 and World Bank 19 80 ) . 
A survey o f  research a c t i v i t i e s  i n  Cent ra l  America (Chacon 1980) 
reviewed by Be1 t r a n  (1  981 ) adds support t o  the  view t h a t  much research r e l a t i n g  
t o  new energy sources i s  t h e  e f f o r t  o f  i n d i v i d u a l s  and t h a t  i t i s  on l y  
r ecen t l y  t h a t  energy planning comnissions have been s e t  up i n  a l l  but  one 
o f  the  coun t r ies  t o  co-ord inate  a c t i v i t i e s .  The l a c k  of co -o rd ina t ion  i s  
blamed f o r  the  e r r a t i c  na tu re  and d u p l i c a t i o n  o f  ex terna l  assistance t o  t h e  
energy sector .  Here t oo  most o f  t h e  research has been conf ined t o  the  
narrowly techn ica l  issues of the-  technology r a t h e r  than i t s  economic and 
soc ia l  v i a b i l i t y  and t o  t he  f a c t o r s  associated w i t h  i t s  d i f f u s i o n ;  t h e  
r e p o r t  describes many researchers as being o u t  o f  touch w i t h  t h e  needs o f  
t he  po ten t i a l  users o f  t h e  technology, and t h i s  has encouraged t he  
i nd i sc r im ina te  impor ta t ion  o f  energy techno1 ogies. The r e p o r t  i d e n t i f i e s  
seventy f ou r  i n d i v i d u a l  p ro jec ts :  19 so lar ;  3 wind; 29 Biomass; 11 small  
hydro and 12 o ther .  
I n  Asia t h e  most d e t a i l e d  in fo rmat ion  on energy research a c t i v i t y  comes 
from Ind ia .  The Government o f  I n d i a ' s  Working Group on Energy P o l i c y  
( I n d i a  1979) devotes a whole chapter t o  Research and Development po l  i c y  i n  
t he  energy sector .  Although no t  a complete review of a c t i v i t i e s ,  i t  does 
survey o f  i t s  Resident Representat ives i n  102 developing coun t r ies  UNDP, 1980). 
The survey i n d i c a t e d  t h a t  i n  t he  sp r i ng  and sumner o f  1979 some form o f  
energy research was being undertaken i n  two- th i  rds  of t he  coun t r ies  surveyed, 
bu t  there was no evidence t h a t  t h i s  research was p a r t  of on on-going process 
o f  energy p lann ing and act ion.  They found t h a t  o n l y  57 o f  t h e  coun t r ies  had 
undertaken assessments of t h e i r  non-conventional energy resources, and 33 
of these had looked a t  on ly  one resource; furthermore, " i n  most cases t he  
assessments were performed by i n t e r n a t i o n a l  organi  sat ions o r  b i l a t e r a l  donor 
count r ies"  r a t h e r  than by l o c a l  researchers (Vol. I, paras. 104 and fo l low ing) .  
The r e p o r t  notes t h a t  of t he  64 p ro j ec t s  t h a t  they cou ld  i d e n t i f y  i n  develop- 
i n g  coun t r ies  t h a t  were connected w i t h  non-conventional energy t he  l a r g e s t  
group (20) was f o r  biogas research ( " i nc l ud ing  a lcohol  fuels") ,  w i t h  16 f o r  
so lar ,  10 f o r  wind, 7 f o r  geothermal, 6 f o r  woodlots, 5 f o r  small hydro and 
10 others.  However, i t  i s  c l e a r  from t h e  o the r  ma te r i a l  t h a t  t h i s  i s  on ly  
a small p ropo r t i on  o f  t h e  p r o j e c t s  t h a t  were being undertaken a t  the t ime 
(see a1 so Chacon, 1980). 
The l a c k  of research c a p a b i l i t y  i s  noted by a number o f  sources (e.g. 
UNERG Research, 1981 ) bu t  t h e  se r ies  of r epo r t s  by Dosi k and Weiss (1980 and 
1981 ) suggests t h a t  t h i s  i s  n o t  un iversa l  w i t h i n  t he  Th i rd  World. They s t ress  
t h a t  a l though l o c a l  research c a p a b i l i t y  i s  v i t a l  t o  t h e  u t i l  i s a t i o n  o f  new 
energy technologies o ther  aspects o f  l o c a l  techno log ica l  capac i t y  are  o f  
equal importance: namely, the  c a p a b i l i t y  t o  plan, t o  manufacture and t o  d i s -  
t r i b u t e  energy systems. Of t he  19 un-named coun t r ies  they examined, a few 
had the  h ighest  l e v e l  of i n s t i t u t i o n s ,  techn ica l  s k i 1  l s ,  expe r t i se  i n  "soc ia l  
ana lys is"  and po l  i c y  commitment. One such count ry  has success fu l l y  produced 
and dif fused a number o f  energy systems "thoughout i t s  r u r a l  areas"; 
another (presumably Braz i  1 ) has become a wor ld  leader  i n  a lcoho l  f ue l s .  A 
second group o f  coun t r ies  has t h e  p o l i c y  commitment and has made a s t a r t  i n  
developing a cons is ten t  programme bu t  lacks  c a p a b i l i t y  i n  one o r  more o f  the 
main tasks ( t echn i ca l  R & D, soc ia l  and economic ana lys is ,  surveys and 
planning, manufacture, implementation). It i s  t h e  t h i r d  group which presents 
t he  major problem i n  t h a t  t h e i r  commitment o r  c a p a b i l i t i e s  are  so l i m i t e d  as 
t o  make i t  d i f f i c u l t  f o r  them t o  absorb f o r e i g n  assistance. Those research 
c a p a b i l i t i e s  t h a t  they do have a re  l i m i t e d  by t h e i r  i s o l a t i o n  from 
product ion and p o t e n t i a l  users. I n  terms of t h e  donors' assistance t o  bu i l d -  
i n g  the  necessary capabi 1 i t i e s  i n  developing coun t r ies  t hey  be1 ieve  t h a t  "not  
much a t t e n t i o n  has been g iven so f a r  t o  the ana l ys i s  of end-use needs, the  
development o f  1 ocal  capabi 1 i t y  t o  undertake research on t he  technolog ica l  , 
soc ia l  and economic impact o f  renewable energy resources, o r  t o  t h e  planning 
f o r  t he  widespread u t i l  i s a t i  on o f  renewable techno1 ogies. The c rea t i on  of 
l oca l  i n s t i t u t i o n s  and mechanisms f o r  market ing and comnerc ia l i sa t ion  f o r  
renewable energy technologies has a1 so been neglected. Spec i f ic  p ro j ec t s  
have f r equen t l y  been regarded as ends i n  themselves r a t h e r  than a means fo r  
secur ing - through extens ive t es t i ng ,  eva lua t ion  and adaptat ion - the  wide- 
spread use o f  t h e  technologies w i t h  the count ry"  (1981, p. 5 ) .  
A more d e t a i l e d  p i c t u r e  o f  energy research a c t i v i t i e s  i n  developing 
count r ies  emerges from those few p re l im ina ry  reviews which have been under- 
taken and f rom a number o f  research reg i s te r s ;  bu t  the p i c t u r e  they provide 
i s  very incomplete and the  data are o f  v a r i a b l e  q u a l i t y .  Among these sources 
i s  t he  b r i e f  overview of L a t i n  American research a c t i v i t i e s  which was pre- 
pared under d i f f i c u l t  circumstances by I D R C '  s  L a t i n  American O f f i c e  (Be1 t r a n  
and others, 1981). Th is  r e p o r t  out1 ines t h e  format ion by the  L a t i n  American 
and Caribbean governments o f  the  Organization Latinoamericana de Energia 
(OLADE) i n  1973. One o f  the func t ions  of t h e  o rgan isa t ion  i s  t o  encourage 
A t h i r d  impression o f  f o r e i g n  a i d  t o  energy research i s  t h a t  much of 
i t  i s  u t i l i s e d  i n  developed coun t r ies  o r  i s  under t h e  d i r e c t  con t ro l  of 
expa t r ia tes  i n  developing count r ies .  Bart lem and Hoffmann' s study (1  980) 
impl i e s  t h a t  the on l y  donor which e x p l i c i t l y  prov ides research funding t o  
na t i ona l s  of Th i r d  World coun t r ies  as a mat te r  of p r i o r i t y  i s  t he  European 
Development Fund (p. 100). Research funding i s  expl  i c i  t l y  described as 
being l i k e l y  t o  take place l a r g e l y  i n  t h e  donor count ry  ( o r  t o  be under the  
con t ro l  and guidance o f  expa t r ia tes  i n  r e c i p i e n t  coun t r ies )  i n  the  cases 
of t he  UNDP (p. 114) USAID (p.81), Hol land (p. 64), and Germany (p. 34). 
For  most o ther  countr ies,  t h e  p o s i t i o n  i s  n o t  recorded (e.9. SAREC, p. 11 ). 
The impression t h a t  much of the  re l evan t  research on New and Renewable 
Sources of Energy has been c a r r i e d  o u t  i n  developed coun t r ies  i s  a l so  noted 
by the ad hoc group on research f o r  the  LIN Conference on New and Renewable 
Sources of Energy (UNERG Research, 1981) paras. 5 and 48, and by Weiss and 
Dosik of the  World Bank (1980, p. 11) and UNDP, 1980, Vol. I, para. 11. 
A f i n a l  impression i s  t h a t  as t he  a l l o c a t i o n  o f  a i d  funds f o r  energy 
research i s  n o t  known, t he re  i s  no co-ord inat ion of donor e f f o r t s  and 
research i s  l a r g e l y  ad hoc. Th is  has r e s u l t e d  i n  a g rea t  v a r i a b i l i t y  i n  
t he  q u a l i t y  o f  t he  research (so t h a t  the  c u r r e n t  p o s i t i o n  has been character-  
i sed  as one i n  which the re  i s  a g rea t  deal o f  in format ion b u t  very l i t t l e  
knowledge! ) and the  h igh p r o b a b i l i t y  t h a t  much o f  ' the research t h a t  has been 
undertaken being of 1 i m i  ted  re1  evance t o  t he  energy needs o f  developing 
count r ies .  Much research appears n o t  t o  be'.based an an understanding o f  
what i s  a l ready known; t h i s  has been p a r t i c u l a r l y  acute i n  t he  research 
on improved wood stoves (see, f o r  instance, Agarwal , 1980) and the small 
sca le  product ion of methane (see Py le  i n  Barne t t  and others,  1978). 
Agencies such as t he  Rockefel ler  Foundati,on and t h e  Ford Foundation 
have p rev ious ly  provided a c a t a l y t i c  r o l e  i n  . the energy sector .  For  example, 
the  Ford Foundation provided funds f o r  one o f  t h e  f i r s t  reviews o f  the 
i ssues surroundi  ng energy i n  a g r i c u l  t u r e  by Makhi j a n i  and Pool e (1 975) ; the  
Rockefel 1 e r  Foundation prov ided an Innova t i ve  small grants  programme t o  
energy research. But n e i t h e r  agency c u r r e n t l y  p lans  any s i g n i f i c a n t  
p r o g r a n e  of assistance t o  energy research i n  t h e  future.  Other agencies 
have provided funds f o r  a u t h o r i t a t i v e  reviews o f  energy subjects;  f o r  
example, World Bank's Study on Energy from Alcohol ,  t he  UNDP and World 
Bank's Study c u r r e n t l y  i n  progress on pho tovo l t a i c  water pumping systems 
and NAS1s review o f  f u e l  wood t r e e  species. ILO c u r r e n t l y  provides a few 
grants  o f  up t o  $20,000 each t o  support research on issues r e l a t i n g  t o  the  
soc ia l  impl i c a t i o n s  of a1 t e r n a t i v e  energy po l  i c y  i n  developing coun t r ies  
and gives preference t o  researchers from the  Th i rd  World. 
Current  Research E f f o r t s  of The Devel oping Countr ies 
It i s  genera l l y  acknowledge t h a t  t he re  has been a considerable 
expansion dur ing  t h e  1970's i n  t h e  energy research of developing coun t r ies  
desp i te  an acute l a c k  of t r a i n e d  researchers. But  so f a r  the re  has been 
l i t t l e  "research on research" which m igh t  p rov ide  an o v e r a l l  p i c t u r e  o f  
research expenditures and t h e  d i r e c t i o n  t h a t  t h e  research i s  tak ing.  Perhaps 
i n e v i t a b l y  w i t h  such a recent  upsurge i n  i n t e r e s t ,  much of t h e  research 
t h a t  i s  t ak i ng  p lace i s  i n  the  form o f  unre la ted p ro jec ts ,  w i t h  much d u p l i -  
c a t i o n  and a tendency t o  research issues t h a t  a re  a l ready we l l  known w i t h i n  
t he  s c i e n t i f i c  l i t e r a t u r e .  Th is  view was very  much confirmed by the  UNDP1s 
The report states that the level of non-government energy research i s  not 
known b u t  for ten countries for which d a t a  are reported, they are said to 
be funding 40% as much as a1 1 IEA governments, (IEA, 1980, p.27). 
Government expenditure on energy research, development and demonstration 
represents the highest proportion of GDP i n  the US (1.6%), w i t h  the U K  a t  
fourth place w i t h  0.99%dnd Canada a t  tenth w i t h  0.62% ( b u t  this excludes 
expenditure by the Wovinces). No attempt i s  made by the IEA to suggest 
how much, i f  any, of this  research i s  directly relevant to developing 
countries . 
Despite the lack of firm evidence of the energy research funding 
activit ies of the aid agencies, certain general impressions can be formed 
on the basis of the existing l i terature and interviews w i t h  aid administrator 
Ironically, much of what i s  known relates to  research on new and renewable 
sources of energy rather than more conventional energy sources. This i s  
perhaps 1 argely because of the current f l  urry of - activity i n  preparation 
for the U N  Conference, b u t  i t  may also reflect the fact that much of the 
conventional energy technologies are we1 1 established and possi bi 1 i t i e s  for 
Third World technical research are limited. 'This would certainly appear to 
be the case w i t h  large scale hydro electric generation technology which i s  
largely monopol ised by developed country suppliers; b u t  i t  should not be 
concluded that other relevant research i s  n o t  being undertaken i n  relation 
to conventional energy technology - just that there i s  l i t t l e  published 
information about i t .  One area. i n  which there i s  -increased activity and 
which might be included i n  a wide definition of research, i s  the programme 
of the World Bank (and more recently CIDA th rough  PetroCanada) t o  accelerate 
the exploration for oil fields that are unable t o  a t t rac t  sufficient private 
finance. The World Bank expanded i t s  assistance t o  oil exploration and 
production in 1979 under i t s  "Accelerated Program"; of the 18 petroleum 
projects funded so fa r  9 have been for predevelopment which includes a sig- 
nificant research element, and 9 for production; a t o t a l  of 31,350 mill ion 
US will be expended on this  programne i n  Financial years 1979-81. 
One impression of aid t o  more narrowly defined energy research i s  t h a t  
there has been a concentration on the 'hardware' rather t h a n  research i n t o  
energy requirements and the social and economic viability of the technology. 
The relative absence of the la t te r  form of research has been noted by 
Bartlem and Hoffmann, Weiss and Dosik and U N E R G .  The main area of social 
science research appears t o  have been associated w i t h  energy planning, b u t  
this  has largely been in the form of technical assistance. Ashworth, for 
instance, describes the US Department of Energy's recent Energy'Sector 
review of Egypt as involving 40 Americans (Ashworth, 1979, p. 7); other 
studies have been undertaken or are planned under this programme i n  Peru, 
Argentina, Portugal and South Korea. 
A second impression i s  t h a t  there has been an expansion of support 
for research related t o  fuel wood; this i s  associated w i t h  the apparently 
major change of focus t h a t  has occurred d u r i n g  the 1970's in the orientation 
of forestry programmes away from the production of commerci a1 timber a1 one 
towards a wider perspective of wood's uses which includes i t s  use as a fuel. 
Such a shif t  in emphasis has been noted i n  the programmes of the World Bank 
and the FA0 and has led t o  programnes for 'social and comnunity' forestry 
and 'agro' forestry (see, for instance, Spears, 1981 ).  I t  appears 1 i kely 
that the U N  Energy Conference will give added emphasis to  the importance of 
aid t o  fuelwood programmes and associated research i s  predicted. 
Hoffmann mentioned e a r l  i er, provides almost no f i r m  evidence on research 
f undi ng . 
This l a c k  o f  data on research a c t i v i t y ,  a1 though preva lent  i n  many of 
t he  f i e l d s  supported by IDRC, i s  p a r t i c u l a r l y  severe i n  t he  energy sector  
and was acknowledged as forming a  s i g n i f i c a n t  c o n s t r a i n t  t o  t he  expansion - 
o f  t h e i r  own programmes by many o f  t he  donors in te rv iews  (see Annex I ) .  
Par t  o f  t h e  problem i s  undoubtedly t h e  nove l t y  o f  i n t e r e s t  i n  t h e  f i e l d  
and i t s  r a p i d  expansion i n  t h e  1970's; bu t  t he re  a re  a lso  problems of 
d e f i n i t i o n .  I D  C's cha r t e r  def ines research very much more wide ly  than 
o ther  agencies.! For instance, many of t he  a c t i v i t i e s  described i n  the  
rev iew o f  t h e  energy a c t i v i t i e s  o f  t he  UN system (UN ECOSOC, 1979) cou ld  
be c l a s s i f i e d  as research under IDRC's d e f i n i t i o n ;  they inc lude  s tud ies  
of "prospects .and t rends" f o r  each energy source, s tud ies on "exp lo ra t ion  
and production", s tud ies  on aspects of t ransport ,  u t i  1  i sat ion,  conservat ion 
and management as we1 1 as research i t s e l  f (a1 though, o f  course, many UN 
a c t i v i t i e s  a re  d i s t i n g u i  shed from those o f  I D R C  by t h e i r  predominant use 
of expa t r ia tes )  . Furthermore, research a c t i  v i  t i e s  o f  the donor agencies of ten  
.form i nd i s t i ngu i shab le  p a r t s  o f  1  a rger  c a p i t a l  a i d  o r  techn ica l  assistance 
p ro jec ts .  The most extreme example of t h i s  i s  perhaps t h e  recent  a lcohol  
fuel  p r o j e c t  agreed between t h e  Worl d  Bank and t he  Government of B raz i l  
under which $1 50m US i s  a1 located t o  "techno1 ogy development" ou t  of a  
t o t a l  p r o j e c t  o f  63,000rn ( t h e  World Bank's c o n t r i b u t i o n  t o  t he  whole p r o j e c t  
i s  of t he  order  o f  $13011); much o f  t h i s  a c t i v i t y  w i l l  be research and 
development bu t  i t  w i l l  n o t  be c l a s s i f i e d  as such i n  the  Bank's s t a t i s t i c s .  
The i n t e r p r e t a t i o n  o f  those data which do e x i s t  i s  made more d i f f i c u l t  
because, as w i t h  a l l  s t a t i s t i c s  on R & 0, t he  measurement o f  research 
e f f o r t  i s  anyway f raugh t  w i t h  d i f f i c u l t y .  Expenditures i n  cash terms are 
on l y  a  p a r t i a l  i n d i c a t o r  o f  p r i o r i t i e s  as research costs vary  g r e a t l y  
between count r ies  and t h e  value o f  research i s  o f ten  n o t  r e l a t e d  t o  i t s  
cost .  The I n te rna t i ona l  Energy Agency, which compi 1  es energy research 
expendi ture data f o r  OECD coun t r ies  , laments t h a t  "no general l y  recogni sed 
i n d i c a t o r  fo r  t h e  measurement o f  r e l a t i v e  performance o f  coun t r ies  has been 
found; i.e., a  q u a n t i t a t i v e  r e l a t i o n s h i p  which might  prov ide t h e  bas is  f o r  
assessing t he  adequacy of.. . . . i n d i v i d u a l  e f f o r t s " ,  (IEA, 1980, p. 14).  
The on l y  comprehensive evidence about energy research funding i s  
provided f o r  developed (OECD) coun t r ies  by t h e  I n t e r n a t i o n a l  Energy Agency. 
The i r  r e p o r t  f o r  1979 shows t h a t  ou t  o f  t he  t o t a l  government-funded research, 
development and demonstration, t he  p ropor t ion  d i r ec ted  t o  t he  nuclear i ndustry 
has f a l l e n  f% 77% o f  t he  t o t a l  expendi ture i n  1974 t o  55% i n  1.979; t h a t  
t he  p ropor t ion  a l l oca ted  t o  conservat ion has r i s e n  from 2% t o  6%; and t h a t  
research on so lar ,  wind, ocean, biomass, and geothermal has r i s e n  from 1% i n  
1974 t o  12% i n  1979 (IEA, 1980, p. 20). Th is  i s  i n  a  budget t h a t  t o t a l l e d  
over $7,000 m i l l i o n  i n  1979 (a 130% increase i n  r e a l  terms over t h e  1974 
f igure),  o f  which the  US accounted f o r  54% o f  the  t o t a l  ( IEA,  1980, p.14). 
The Charter o f  IDRC s ta tes  t h a t  "research inc ludes  any s c i e n t i f i c  o r  
techn ica l  i n q u i r y  o r  exper imentat ion t h a t  i s  i n s t i t u t e d  o r  c a r r i e d  ou t  t o  
d iscover new knowledge o r  new means of app ly ing  e x i s t i n g  know1 edge t o  the  
so l  u t i o n  o f  economic and soc ia l  problems; ' science' inc ludes t he  na tu ra l  
and soc ia l  sciences" (para. 2 ) .  Furthermore, i t  i s  w i t h i n  the  powers of 
IDRC t o  " i n i t i a t e  and c a r r y  o u t  research and techn ica l  development, 
i nc l ud ing  t he  establ ishment and operat ion of a  p i l o t  p l a n t  o r  p ro j ec t ,  t o  
t h e  p o i n t  where t he  appropr ia te  r e s u l t s  of such research can be appl ied"  
(para. 4, subsection 2b). Canada, 1970). 
there has never been w i t h i n  t h e  (U.N.) system any machinery, formal o r  ad 
hoc, fo r  i n t e r s e c r e t a r i a t  consu l ta t ions .  This l a c k  o f  a  mechanism might  
be f e l t  no t  so much i n  re la tSon t o  t h e  e l i m i n a t i o n  o f  over laps and d u p l i -  
cat ions,  bu t  r a t h e r  from the  p o i n t  of  view of e s t a b l i s h i n g  a  concerted 
general approach by t h e  system" (para. 135). Although the  l i s t i n g  does 
no t  provide -enough in fo rmat ion  by which t h e  p rec ise  nature o f  each p r o j e c t  
can be determined, most o f  t he  p r o j e c t s  appear t o  be some form o f  techn ica l  
assistance. The r e p o r t  provides o n l y  an "est imate o f  the  orders of 
magnitude" of f i n a n c i a l  a1 l oca t i ons  b u t  ' t h i s  shows t h a t  under the  regu la r  
programme budget of $16 mi1 1  i o n  f o r  t he  per iod  1978-81. t he  l a r g e s t  a l l o c a t i o n  
went t o  nuclear power (34%), 18% went t o  o v e r a l l  energy issues and 16% went 
t o  fuelwood and charcoal.  I n  t h e  e x t r a  budgetary programme o f  $90 m i l l i o n ,  
37% was a l l oca ted  t o  fuelwood and charcoal,  13% t o  nuclear power and 10% t o  
o i l  and gas (page 37, Add. 1). 
It i s  too  soon t o  a n t i c i p a t e  the  outcome of t he  UN's Energy Conference, 
bu t  a t  t h e  very l e a s t  the re  i s  l i k e l y  t o  be f a r  more co-ord inat ion o f  the 
UN's energy a c t i v i t i e s ;  suggestions f o r  a  new UN energy i n s t i t u t i o n  
(whether f o r  research, t r a i n i n g  , o r  more general a i d  disbursement) have 
apparent ly met w i t h  1  i t t l e  support, a1 though some add i t i ona l  sec re ta r i a l  
function, l oca ted  w i t h i n  an e x i s t i n g  UN i n s t i t u t i o n ,  may be agreed. 
I V .  ME QUESTION OF RESEARCH I N  DEVELOPING COUNTRIES AND THE I D R C  RESPONSE 
Current  Research E f f o r t s - t h e  a i d  agencies 
I d e a l l y  any p lan  f o r  expanding IDRC1s assistance t o  energy r e l a t e d  
research should be framed i n  the con tex t  o f  a  reasonable knowledge o f  what 
o ther  a i d  agencies and developing coun t ry  governments p lan t o  do. I t  i s  
t he re fo re  a  s i g n i f i c a n t  f i n d i n g  o f  t he  c u r r e n t  rev iew t h a t  no secondary 
source mate r ia l  e x i s t s  from which such an overview cou ld  be compiled w i thou t  
undertaking extens jve pr imary research. Those reviews which have been under- 
taken are e i t h e r  e n t i r e l y  s i l e n t  on t he  quest ion o f  research funding o r  
provide o n l y  the most general impressions o f  cu r ren t  a c t i v i t y .  For instance, 
the  OECD's attempts t o  moni tor  i t s  members' a c t i v i t i e s  i n  the  energy sector  
(OECD, 1981 ) was unable t o  i d e n t i f y  a  s i n g l e  commitment f rom e i t h e r  b i l a t e r a l  
o r  m u l t i l a t e r a l  agencies f o r  a category cover ing research (see Table V )  and 
on l y  one donor (US AID) who had committed funds t o  the category i nc l ud ing  
f e a s i b i l i t y  s tud ies and the  t e s t i n g  o f  energy hardware. However t he  Table 
shows t h a t  22% o f  a l l  commitments were "unc lass i f i ed" .  Furthermore, the ad 
hoc group o f  experts convened t o  advise the  UN Conference on New and Renew- 
able Sources o f  Energy on Research (UNERG Research, 1981) was severe ly  
hampered by t h e  l a c k  o f  i n fo rmat ion  on t he  research a c t i v i t i e s  o f  e i t h e r  
donors o r  developing country governments. Those data which are provided a re  
described as n o t  being comprehensive (para. 4 )  and are l i m i t e d  t o  a  very  
narrow range o f  technologies and count r ies .1  The review by Bart lem and 
- - - - - -- - pp - - 
I The repo r t  provides data on o n l y  f i v e  developing coun t r ies  i n  i t s  t a b l e  
showing government supported research, development and demonstration f o r  
renewable energy sources (exc l  uding 1  arge scal  e  hydro and geothermal 
p ro j ec t s )  i n  1980; these were Ind ia ,  $20171; Saudi Arabia, $15m; 
Egypt, $6m; Algeria, $lm; and Libya, $2m. The same t a b l e  shows a f i gu re  
of $9m fo r  Canada and $1,10Om f o r  t he  US. The source o f  t he  data i s  t he  
Financi  a1 Times, London (UNERG Research, 1981, Tab1 e I ) . 
A f u r t h e r  i n d i c a t i o n  o f  t he  f u t u r e  plans o f  t h e  major donors i s  
provided by a r e p o r t  compiled by Bart lem and Hoffmann. Thei r  o r i g i n a l  
research was i n  preparat ion f o r  t h e  IBRD meeting on Assistance t o  t h e  
Energy Sector i n  Deve4oping Countr ies (Par is,  June 25-26, 1979) and some 
o f  t h e i r  f i nd i ngs  were summarised i n  a d r a f t  r e p o r t  t o  t h e  Rocke fe l le r  
Foundation dated February, 1980. It i s  n o t  c l e a r  how much t h e i r  r e p o r t  - 
r e f l e c t s  the  views o f  t h e  donors, b u t  t o  t he  ex ten t  t h a t  re1  iance can be 
p u t  on the  f ind ings ,  c e r t a i n  conclusions can be drawn: f i r s t ,  they note  
t he  widespread attempt by a i d  agencies t o  develop and a r t i c u l a t e  new 
p o l i c i e s  t o  meet the  energy needs o f  developing coun t r ies  s ince t he  shocks 
o f  t h e  e a r l y  1970s. However, as suggested e a r l i e r ,  ac tua l  resource a l l o -  
ca t ions  s t i l l  r e f l e c t  t r a d i t i o n a l  fund ing pa t te rns  which concentrate on 
large-scale e l e c t r i c i t y  generat ion and supply. 
Bart lem and Hoffmann p a r t i c u l a r l y  remark on t h e  inadequacy o f  a i d  
programnes t o  develop l o c a l  capabi l  i t i e s  t o  co-ordinate, p l an  and implement 
na t iona l  energy p o l i c y  (page 128). They conclude t h a t  "developing . 
count ry  personnel t r a i n e d  i n  renewabl e energy and energy planning a re  , I  
genera l l y  scarce, as i s  any type o f  research i n f r a s t r u c t u r e  i n  which such 
personnel cou ld  work; US A I D  and t he  World Bank have i d e n t i f i e d  these as 
p r i o r i t y  problems, bu t  no programnes t o  address them a re  r e a l l y  underway 
(page 126). S im i l a r  views a re  t o  be found i n  Weiss and Dosik 1980, UNERG, 
1981 and t he  OECD, 1981 '. 
One fea tu re  o f  a number o f  b i l a t e r a l  programmes i s  t h e i r  e x p l i c i t  
p o l i c y  o f  promoting t h e i r  coun t ry ' s  exports. While such a l i n k  between a i d  
and t r ade  promotion may be a necessary p r i c e  t h a t  a i d  agencies have t o  pay 
t o  main ta in  t h e i r  budgets, i t  does have t he  e f f e c t  o f  compromising t he  
independence o f  t h e  advice o f f e red  by a i d  agencies i n  t he  minds of r ec i p i en t s .  
This i s  p a r t i c u l a r l y  re1 evant i n  the. energy sec to r  where so much o f  t he  
informat ion a v a i l a b l e  i s  a l ready  un re l i ab le .  I t  i s  a l so  sa id  t o  lead t o  t h e  
p r a c t i c e  whereby t h e  t e s t i n g  o f  energy techno1 og i  es i n  developing coun t r ies  
by a i d  agencies under emphasises economic cons iderat ions and loca tes  t h e  
t e s t s  i n  cond i t i ons  which exhi  b i t  t h e  technology t o  i t s  best  advantage, 
whether o r  n o t  such cond i t i ons  a re  comnon (Bart lem and Hoffmann, 1980, 
pp. 125 and 126). Some coun t r ies  imply  a s t rong  l i n k  between t h e i r  a i d  and 
t rade  i n  t h e i r  submissions t o  t h e  OECD review (1  981 ). Bart lem and Hoffniann 
s p e c i f i c a l l y  note  t he  1 i n k  i n  t h e  programmes of the  US Department of Energy 
(page 86), t he  German research programne o f  t he  Bundesministerium fur 
Forschung and Technologie (BMFT) (p.31), France (p.44) and Canada (pp. 12 and 
17) .  
Fur ther  descr ip t ions  of s p e c i f i c  aspects of b i l a t e r a l  a i d  a i t i v i  t i e s  i n  
t h e  energy sec to r  a re  provided by Ashworth (1979), the  Forest  Serv ice o f  t h e  
US Department o f  A G r i  cu l  t u r e  (1 980), and tawand, 1981 . 
Turning now t o  t h e  f u t u r e  a c t i v i t i e s  of t h e  UN system much depends on 
t h e  outcome o f  t h e  UN Conference on New and Renewable Sources o f  Energy 
which w i  1 1 take p lace i n  Nai rob i  i n  August 1981. However, as p a r t  o f  t h e  
preparat ions f o r  the Conference, t he  past  e n e r g y ' a c t i v i  t i e s  of t he  whole UN 
system were reviewed f o r  t he  two year  pe r i od  1978-79 (UN Committee f o r  
Programme and Co-ordination, 1979). The i r  funding covers t h e  f u l l  range of 
conventional and non-conventional energy sources which were summarised i n  
83 pages of t a b l  es. No o v e r a l l  pa t t e rn  emerges f rom these t a b l  es and t h i s  
i s  t o  be expected as the r e p o r t  notes t h a t  " i t  should be po in ted  o u t  t h a t  
donor t o  the  energy sector  (see Table 111). I n  1980 the  Bank pub1 i shed 
i t s  plans f o r  funding t he  energy sector  dur ing  the  f ive-year  per iod  1981-85. 
(World Bank, 1980)'. The an t i c i pa ted  programme i s  f o r  $13,190 m i l l i o n  US 
w i t h  the bu lk  (57%) being a l i oca ted  t o  e l e c t r i c  power generat ion and d i s t r i -  
bution; a  f u r t h e r  30% w i l l  be a l l oca ted  t o  investments associated w i t h  o i l  
and gas; and f u e l  wood would rece ive  3.2% and f u e l  a1 coho1 1.5% o f  t h e  
funds. The World Bank considered t h a t  t h i s  programne was somewhat l e s s  
than t he  amount requ i red  t o  meet t he  urgency of t h e  s i t u a t i o n  and they 
therefore suggested an a1 t e r n a t i v e  'des i rab le  programme' o f  $25,000 m i  11 ion.  
This programme would expand t h e  funds ava i l ab le  t o  each o f  t he  areas 
supported by t h e  cur ren t  programme bu t  the propor t ions would be a l t e r e d  by 
t he  i nc lus ion  o f  a  new expendi ture category f o r  ' i n d u s t r i a l  r e t r o  f i t t i n g '  
o f  devices t o  increase t h e  e f f i c i ency  o f  energy use i n  i ndus t r y  (see Table IV ) .  
It was hoped t h a t  t h e  add i t i ona l  funding f o r  the expanded programne would be 
provided by a  new "energy a f f i l i a t e ' '  o f  the  Bank; however t h i s  now looks 
uncer ta in  w i t h  t he  recent  dec is ion  o f  the  US Government t o  defer  i t s  dec is ion 
t o  support t h e  scheme. 
The second l a rges t  group o f  donors are the  OECD countr ies.  The energy 
p o l i c i e s  of a1 1 these coun t r ies  have been under review (see, f o r  instance, US 
AID,  1981; SIDA, 1980) and t h e i r  a c t i v i t i e s  have been summarised i n  a  recent 
pub l tca t ion  prepared as a  c o n t r i b u t i o n  t o  the  UN energy.conference (OECD, 
1981). The document shows that ,  as was t h e  case .w i th  the Bank, t he  bu lk  o f  
comnitments are f o r  e l e c t r i c i t y g e n e r a t i o n  and d i s t r i b u t i o n ;  i n  1979 84% of 
a  t o t a l  DAC b i l a t e r a l  commitment t o  energy o f  $1,592 m i l l i o n  US was a l loca ted  
t o  t h i s  type of p r o j e c t .  (see Table V). Such commitments w i  11 dominate actua l  
disbursements f o r  many years t o  come bu t  the OECD repo r t  notes t h a t  "several 
DAC count r ies  have recen t l y  launched important  programmes and a c t i v i t i e s  i n  
the  area o f  new and renewable sources o f  energy" (para. 10) "assistance 
pol i c i e s  towards these ob jec t i ves  aim a t  strenghtening the  s c i e n t i f i c  and 
technological  capac i ty  o f  developing coun t r ies  and t h e i r  R & D e f f o r t s  t o  
f i n d  technological  so lu t ions  appropr ia te  t o  t h e i r  circumstances. Several 
DAC count r ies  have a lso  programnes designed t o  demonstrate new energy techno- 
l og ies  i n  the technica l ,  socio-economic and nat iona l  context  o f  developing 
count r ies  i n  order t o  t e s t  t h e i r  s u i t a b i l i t y  and acceptance" (para. 11, OECD, 
1981). 
The OECD document provides eleven pages o f  desc r i p t i on  o f  t h e  planned 
a c t i v i t i e s  o f  i t s  members i n  the f i e l d  o f  new and renewable energy techno- 
log ies.  General i s a t i o n s  from such descr ip t ions  may be unrel  i a b l e  as they 
are no t  standardised f o r  each country; bu t  i n s o f a r  as genera l isat ions can 
be made, i t  appears t h a t  most donors w i l l  g i ve  g rea te r  emphasis t o  energy 
than they have i n  the past. Th is  expansion i s  e x p l i c i t l y  noted f o r  
Aust ra l ia ,  Belgium, Canada, Germany, I t a l y ,  UK and the  Uni ted States. Large 
scale e l e c t r i c i t y  generat ion and d j s t r i b u t i o n  i s  l i k e l y  t o  remain a  major 
component o f  most programmes ( p a r t i c u l a r l y  mentioned i n  t h i s  respect are 
Austral  i a, Canada, France, Germany, Japan, Nether1 ands, Norway, Sweden and 
the  UK); research i s  mentioned i n  t he  programmes o f  s i x  countr ies,  bu t  as 
w i l l  be discussed i n  more d e t a i l  l a t e r ,  much o f  t h i s  research i s  l i k e l y  t o  
be ca r r i ed  ou t  i n  the  donor count ry  o r  i n  co l l abo ra t i on  w i t h  expa t r i a te  
researchers. A f f o res ta t i on  i s  i d e n t i f i e d  as being important  i n  the  
programnes o f  Germany, Sweden, Norway, Switzer land and t h e  Uni ted States.  
Resource eva luat ion i s  menti oned i n  t he  Canadian programne, wh i l e  emphasis 
on other  aspects o f  energy po l  i w  fo rmu la t ion  and planning are i d e n t i f i e d  
i n  the Swedish, American and EEC prograrmes. The demonstration o f  hardware 
i s  a  s i g n i f i c a n t  f ea tu re  o f  t h e  German, French and American programnes. The 
New Zealand programme i s  dominated by l a rge  geothermal p ro jec t s  i n  Indonesia 
and the  Phi 1  i ppi  nes. 
. 
the t u r n  o f  t he  century. The OECD, f o r  instance, concludes t h a t  "new 
and renewable sources o f  energy prov ide an important  challenge, e s p e c i a l l y  
f o r  s a t i s f y i n g  decentral  i s e d  energy needs i n  r u r a l  areas, bu t  cannot be 
expected t o  make -a s i g n i f i c a n t  c o n t r i b u t i o n  t o  t he  energy supply f o r  t he  
next  10-20 years.. . . . . . whi 1 e new sources o f  energy deserve adequate 
a t ten t ion ,  t h e  energy problems o f  t he  developing count r ies  are  t o o  u rgen t -  
t o  r e l y  p r i m a r i l y  on so lu t i ons  w i t h  long  1 ead times" (OECD, 1981, p.4 
para. 4 ( e ) ) .  
The UN Conference on New and Renewable Sources o f  Energy a b l y  w i t h -  
stands t he  pressure t o  make unsubstant iated c la ims f o r  t he  var ious techno- 
logies:  The d r a f t  programne o f  a c t i o n  argues t h a t  " the  development and 
u t i l i s a t i o n  of new and renewable sources of energy must be viewed i n  the  
context  of t h e  o v e r a l l  energy t r a n s i t i o n .  New and renewable sources of 
energy can make a s i g n i f i c a n t  con t r ibu t ion ,  bu t  t h e i r  r o l e  and p o t e n t i a l  
should no t  be overstated.  I n  the  foreeabl  e fu tu re  hydrocarbon suppl ies  
w i l l  cont inue t o  p l ay  the dominant r o l e  i n  meeting global  energy demand, 
but  over t ime  t h a t  r o l e  must per fo rce  dec l ine  r e l a t i v e l y . .  . . .thus wh i l e  the 
short- term p o t e n t i a l  f o r  new and renewable sources o f  energy may be 1 i m i  t ed  
i n  the  g loba l  sense, t he  longer  term p o t e n t i a l  must be considered as a very 
dynamic va r i ab le  t h a t  w i l l  tend t o  increase i n  importance w i t h  t ime and 
w i t h  t he  r e f i  nement, development and appl i c a t i o n  of technologies" (para. 17, 
UNERG D r a f t  Programme o f  Act ion,  1981 ). The Synthesis r e p o r t  f u r t h e r  
suggests t h a t  the cu r ren t  c o n t r i b u t i o n  t o  the  wor ld  o f  these sources of 
energy i s  of t h e  o rder  o f  15% and t h a t  t h i s  w i l l  have t o  r i s e  t o  about 25% 
by t he  t u r n  o f  t he  century  -- -or  a f i v e f o l d  increase i n  absolute terms if 
predic ted needs are t o  be met (UNERG Synthesis Report, Chapter 5, para. 3). 
They do no t  suggest t h a t  such a f i v e - f o l d  increase i n  absolute terms w i l l  
be e a s i l y  achieved! 
I I I. THE RESPONSE OF THE AID AGENCIES 
The major a i d  agencies face considerable d i f f i c u l t i e s  i n  r e s t r u c t u r i n g  
t h e i r  programmes i n  the  sho r t  term t o  meet new needs; and even though i t  
i s  near l y  t en  years s ince  energy became a dominant issue f ac i ng  developing 
countr ies,  t he  a i d  programnes a re  on l y  now beginning t o  pub1 i s h  energy 
p o l i c i e s  which w i l l  a f f e c t  t h e  s i z e  and shape of t h e i r  fund ing t o  t h e  sector .  
Many agencies c u r r e n t l y  face s t a t i c  o r  even d e c l i n i n g  budgets which necess i ta te  
new i n i t i a t i v e s  having t o  be matched by reduct ions i n  o the r  c u r r e n t  a c t i v i t i e s .  
Furthermore, r e c i p i e n t  coun t r ies  themselves have l i m i t e d  capac i t i es  t o  absorb 
funds i n  new areas. H i s t o r i c a l l y ,  t h e  bu lk  o f  energy a i d  has been a l l oca ted  
t o  l a rge  sca le  e l e c t r i c i t y  generat ion and i t s  d i s t r i b u t i o n .  Such p ro j ec t s  . 
are i n  many ways i dea l  l y  s u i t e d  t o  l a rge  c a p i t a l  a i d  programmes i n  t h a t  
because o f  t h e i r  l a r g e  s i z e  t he  funds a re  r e l a t i v e l y  cheap t o  admin is ter  and 
the technology does n o t  r e q u i r e  s i g n i f i c a n t  adaptat ion t o  l o c a l  soc ia l  and 
economic condi t ions.  I f  a i d  agencies a re  t o  depart  from t h i s  t r a d i t i o n a l  
form o f  support  i n  the energy sector ,  they have t o  confront  problems assoc- 
i a t e d  w i t h  t he  i d e n t i f i c a t i o n  and adm in i s t r a t i on  of l a r g e r  numbers o f  
smal ler  investments, and a r e  invo lved  w i t h  technologies and l o c a l  cond i t i ons  
of which they  have l e s s  experience and exper t ise .  
However, a number of secondary sources have become ava i  lab1 e i n  recent  
years which i n d i c a t e  i n  general terms t h e  d i r e c t i o n  t h a t  a i d  agencies a re  
l i k e l y  t o  take i n  f u tu re .  H i s t o r i c a l l y  t h e  World Bank has been the  l a r g e s t  
thought t o  be 1.6 t imes more coal reserves than o i l  reserves, 90% o f  
recoverable reserves a re  i r  western developed count r ies  o r  i n  c e n t r a l l y  
planned economies (IBRD, 1580, para. 2.5). Almost a l l  coun t r ies  have 
unexploi ted hydro p o t e n t i a l .  The World Bank 1 i s t s  90 developing coun t r ies  
w i t h  unexplo i ted hydro p o t e n t i a l  est imated a t  1,200 gbl o f  which 10% i s  f o r  
minihydro p l a n t s  of l e s s  than 1 megawatts (IBRD, 1980, p. 46 and Table 5 
o f  Annex I I ) . 
The prospects f o r  nuc lear  energy a re  s t i l l  uncer ta in  i n  terms o f  t he  
actual  cos t  o f  t he  r e s u l t i n g  e l e c t r i c i t y  and t h e  safety o f  t h e  p l an t s  i n  
use. But i t  i s  c l e a r  t h a t  t he  cu r ren t  commercial p l a n t  s i z e  o f  600 mega- 
watts l i m i t s  t h e i r  a p p l i c a t i o n  t o  those coun t r ies  w i t h  a s u f f i c i e n t l y  l a rge  
g r i d  s ize.  The World Bank p red i c t s  t h a t  on l y  15 developing coun t r ies  w i l l  
have such a g r i d  (5,000 mu) by t he  year  1990 (IBRD, 1980, p. 47). 
c )  Other Sources o f  Energy 
There a re  a number o f  o the r  technologies which a r e  thought t o  have 
po ten t i a l  f o r  developing count r ies .  Among t he  small -sca le  technologies, 
a number a re  based on we1 1 -known p r i nc i p l es ,  such as w indmi l l  s, waterwheels, 
small -scale hydro, and t he  d i r e c t  heat ing of.  water by t he  sun. Others 
which a re  s t i l l  l a r g e l y  experimental o r  f o r  which t he re  i s  l i t t l e  experience 
of product ion inc lude  t he  d i r e c t  generat ion o f . e l . e c t r i c i t y  through photo- 
e l e c t r i c  c e l l s ,  s o l a r  ponds (which u t i l i s e  heat grad ients  i n  s a l t y  water),  
and var ious types o f  ' heat pump ' . 
The p o t e n t i a l  of these technologies i s  considered t o  be l a r g e  by some 
au tho r i t i e s ,  and they a re  thought t o  be p a r t i c u l a r l y  a t t r a c t i v e  i n  t h a t  
they o f f e r  the  p o s s i b i l i t y  o f  decent ra l ised energy systems s u i t a b l e  f o r  
disbursed r u r a l  populat ions.  Fur ther  development work i s  o f t e n  recornended 
t o  reduce t h e i r  cost, t o  make them more robust, o r  t o  adapt them t o  l o c a l  
user requirements. However, i t  i s  w ide ly  acknowledged t h a t  t he re  i s  an 
almost t o t a l  l ack  o f  phys ica l  and economic data from r igo rous  comparative 
t e s t s  o f  these technologies under a v a r i e t y  o f  genuine f i e l d  condi t ions 
(Weiss and Dosi k, 1980; Barlem and Hoffman, 1980; UNERG, 1981 ; US A I D  
1981; UNDP, 1980). 
It i s  a l s o  t o  be expected t h a t  the  widespread d i f fus ion  o f  these 
technologies w i l l  be confronted by many o f  t he  problems t h a t  have con- 
s t ra ined  t he  d i f f u s i o n  o f  such we1 1 known technologies as water pumps and 
the  new v a r i e t i e s  o f  wheat and r i c e  and which c u r r e n t l y  hamper'the 
d i f f u s i o n  o f  improved wood stoves and household biogas p lan ts .  
Among the  1 arger-scal  e tec  hnol oq i  es, possi  b i  1 i ti es a1 ready e x i  s t  f o r  
harnessing geothermal energy and energy f rom t a r  sands and o i l  shale. 
Wave and ocean energy o f f e r  o ther  p o s s i b i l  i t i e s  i n  t he  medium t o  long term. 
It i s  a l s o  expected t h a t  i n  t he  medium term ethanol w i l l  be economical ly 
converted f rom woody mate r ia l  by m i  c rob io l  og ica l  processes and methanol 
w i l l  be produced by g a s i f i c a t i o n  and synthesis ( b u t  methanol i s  more t o x i c  
than e x i s t i n g  l i q u i d  fue ls  - see K i r k  & Othman 1970 vo1.13 p.394). 
Opinion i s  d i v i ded  about the general prospects o f  these new and renew- 
able sources o f  energy p rov id ing  subs tan t ia l  add i t i ons  t o  pr imary  energy. 
The World Bank and the OECD DAC suggest t he  p o s s i b i l i t i e s  should be pursued, 
but  they do n o t  see them making a major impact on the  t o t a l  energy supply by 
the  se lec t i on  o f  species p a r t i c u l a r l y  su i t ed  t o  t he  product ion o f  f u e l  
wood o r  species which have nu1 t i p l e  uses (such as p rov id ing  fodder, f r u i t  
and t h e  f i x a t i o n  o f  n i t r oge?  i n  a d d i t i o n  t o  p rov id i ng  f u e l ) ;  these a r e  
succ inc t l y  reviewed by t he  Nat ional  Acadew o f  Sciences (1980). But there 
a re  general l y  agreed t o  be formidabl  e  obstacles t o  ma in ta in i  ng even t h e  
cur ren t  l e v e l s  o f  consumption o f  these comnonly used sources o f  biomass - 
f o r  f u e l .  The problems a re  p r i m a r i l y  problems o f  'so f tware ' .  At  one l eve l ,  
the re  i s  t h e  quest ion o f  ob ta in ing  t h e  p o l i t i c a l  w i l l  necessary t o  make 
ava i l ab le  t h e  funds f o r  such schemes; t he re  a re  problems associated w i t h  
t he  cu r ren t  i n s t i t u t i o n a l  i n f r a s t r u c t u r e  which i s  l a r g e l y  o r i en ted  t o  t he  
product ion o f  comnercial t imber  r a t h e r  than f u e l  ; and t he re  are  problems 
associated w i t h  estab l  i s h i n g  a  s u f f i c i e n t  degree o f  community p a r t i c i p a t i o n  
and land re fo rm t h a t  i s  now w ide ly  recognised t o  be a  necessary component 
of f u e l  wood schemes (see Arnold, 1979; World Bank, 1981 ; US AID, 1980). 
Other technol og i  es c u r r e n t l y  e x i s t  'which would e i t h e r  enable a  g rea te r  
use t o  be made o f  t h e  e x i s t i n g  biomass o r  which might  j u s t i f y  the  add i t i ona l  
product ion o f  biomass f o r  f u e l  . These technol og i  es i nc l ude  t he  product ion 
of methane gas f rom c e l l u l o s e  ( p a r t i c u l a r l y  animal dung), 'producer gas' 
from the  p a r t i a l  combustion o f  carbonaceous ma te r i a l  such as wood o r  straw, 
methanol through t h e  des t ruc t i ve  d i s t i l l a t i o n  o f  wood,, and ethanol through 
the fermentat ion and d i  s t i  11 a t i o n  o f  carbohydrate ma te r i a l  such as sugar- 
cane, sugar beet o r  cassava. These technologjes a re  reviewed ex tens ive ly  
(see, f o r  instance, UNERG, 1981 ; : Barnett., Pyl  e .  and Subramanian. 1978 
on methane; World Bank, 1980 on a lcohol  ). Considerable po ten t i a l  e x i s t s  
f o r  improving these technologies and f o r  making them more sui l table t o  a  
w i  der range o f  circumstances. 
b)  Conventional Comnerci a1 Sources o f  Energy 
Concerns about t h e  imnediate and medi um-term f u t u r e  are  concentrated 
on o i l .  I n  t h e  shor t  term, t he  World Bank p r e d i c t s  t h a t  o i l  p r i ces  are 
l i k e l y  t o  r i s e  i n  r e a l  terms by a t  l e a s t  3% per  year  throughout t he  1980s 
(IBRD, 1980, para. 1.01). I n  t he  longer  term, t he  prospects f o r  o i l  a re  
condi t ioned by t he  f a c t  t h a t  cu r ren t  wor ld  consumption o f  o i l  i s  now equal 
to,  o r  even exceeds, t he  r a t e  a t  which a d d i t i o n a l  reserves a re  being found. 
However, the  d i s t r i b u t i o n  o f  o i l  exp lo ra t i on  e f f o r t  i s  concentrated i n  the  
' sa fe '  (1 a rge ly  nor thern)  areas con t ro l  l e d  by developed coun t r ies  t o  t he  
neglect  o f  a  number o f  promising geolog ica l  s t r uc tu res  under the  con t ro l  of 
developing coun t r ies  (see North-South Energy Round Tab1 e 1980, P I  I 1  1-8). 
Th is  suboptimal exp lo ra t i on  e f f o r t  has been recognised by a  number of agencies 
who a re  t r y i n g  t o  encourage exp lo ra t i on  i n  these areas by t h e  l a r g e  corpor-  
a t ions  o r  a re  t r y i n g  t o  mob i l i se  conso r t i a  o f  t h e  re1 evant cont ractors .  
The IBRD now f inances such work (IBRD, 1980, pp. 68-69) and consu l t i ng  f irms 
w i t h  an o r i e n t a t i o n  t o  t he  exp lo ra t i on  needs o f  developing coun t r ies  have 
been created ( f o r  exampl e, PetroCanada I n t e r n a t i o n a l  and Mawice St rong 's  
I n te rna t i ona l  Energy Devel opment Corporat i  on) . 
Wi th in  t h i s  general p i c t u re ,  t he  d i s t r i b u t i o n  of o i l  reserves i s  very 
uneven w i t h i n  developing count r ies .  The o i  1  supply p o s i t i o n  f ac i ng  o i  1  - 
impor t ing developing count r ies  i s  one o f  u n r e l i a b l e  supply and r i s i n g  r e a l  
pr ices.  For o ther  f o s s i l  f u e l s  (coal  and gas), t h e  d i s t r i b u t i o n  i s  b e t t e r  
than f o r  o i l  bu t  i t  i s  s t i l l  uneven. For instance, a1 though there  a re  
I n  developing count r ies ,  t h e  useful energy produced by burning wood i n  an 
open f i r e  i s  sa id  t o  be of t h e  order  o f  l ess  than 12% o f  t he  pr imary energy 
contained i n  t h e  wood. Thermal e l e c t r i c  generat ion s t a t i o n s  might  
t y p i c a l l y  be 25% e f f i c i e n t ,  w i t h  the  most e f f i c i e n t  modern p l an t s  
ach iev ing e f f i c i e n c i e s  nearer 35%. 
I n  t he  modern i n d u s t r i a l  sector ,  improvements a r e  poss ib le  a t  th ree  
1 eve1 s o f  investment. The f i r s t ,  i nvol  v i ng  no investment, ach iev i  ng 
greater  e f f i c i e n c y  through the  b e t t e r  "housekeeping" p rac t i ces  mentioned 
e a r l i e r ;  a t  a second leve l ,  through minor adaptat ion t o  e x i s i  tng  p l a n t  
( i nc l ud ing  t h e  ' r e t r o f i t t i n g '  o f  improved bearings, b e t t e r  insu la t ion ,  
waste heat  b o i l e r s  and so on). Only a t  the  t h i r d  l eve l ,  where f u r t h e r  
improvements ' i n  e f f i c i e n c y  can on l y  be achieved by t h e  i n s t a l l a t i o n  of 
more e f f i c i e n t  p l a n t  and equipment o r  through changes t o  l e s s  energy- 
i n t ens i ve  products, i s  major investment involved.  
I n  t h e  rural sector ,  t h e  problems o f  i nc reas ing  e f f i c i e n c y  appear, a t  
f i r s t  s igh t ,  d isarming ly  simple. The low l e v e l  o f  combustion e f f i c i e n c y  
genera l l y  achieved i n  t he  d i r e c t  burning o f  f u e l  wood and crop residues has 
of ten l e d  t o  t h e  'automatic conclusion t h a t  massive energy savings could be 
achieved by more e f f i c i e n t  stoves. However, O t  i s  i nc reas ing l y  recognised 
t h a t  such savings have been d i f f i c u l t  t o  achieve i n  p r a c t i c e  even though 
l a rge  improvements i n  combustion e f f i c i e n c y  can be achieved by improved 
wood stoves i n  the  laboratory ;  a doubl ing o f  combustion e f f i c i e n c y  i s  
commonly mentioned (see, f o r  instance, UNERG Synthesis Report, 1981, para. 
48e.) The d i f f i c u l t i e s  stem l a r g e l y  from t h e  v a r i a b i l i t y  o f  r u r a l  people's 
requirements; these range from the  d i f f e r e n t  types o f  cooking tasks, t o  
space hea t ing  and t o  soc io -cu l tu ra l  requirements o f  hearths. There i s  a l so  
no necessary l o g i c a l  connection between increases i n  s tove combustion 
e f f i c i e n c y  and reduct ions i n  t he  amount o f  f u e l  a c t u a l l y  used; i t  i s  q u i t e  
poss ib le  t h a t  t h e  users w i l l  merely en joy more use fu l  heat f rom t h e  same 
amount o f  f u e l .  The l i t e r a t u r e  on t h e  sub jec t  o f  the  d i f f u s i o n  o f  improved 
wood stoves i s  s t i l l  sparse but  has r e c e n t l y  been reviewed by Agarwal (1980) 
and a forthcoming study o f  the  U.S. Nat ional  Academy o f  Sciences. 
Increas ing t h e  Supply o f  Primary Energy 
The d e t a i l e d  prospects f o r  increas ing t h e  supply o f  pr imary  energy 
have s t i l l  t o  be determined f o r  most developing coun t r ies .  However, a 
number o f  r epo r t s  a r e  ava i l ab le  which rev iew the  s i t u a t i o n  i n  g lobal  terms. 
A usefu l  recent  sumnary o f  cu r ren t  knowledge i s  provided by t h e  World Bank's 
repor t ,  Energy i n  Developing Countr ies (1  980, pp. 12-48). Other s tud ies  
are a1 so ava i  1 ab le  d e t a i  1 i ng c u r r e n t  know1 edge of reserves f o r  p a r t i c u l a r  
energy sources (e.g. t he  World Coal Study). Rather than repeat these 
summaries here, a number o f  features w i l l  be h igh l igh ted .  
a)  Fuel wood and o the r  biomass f u e l s  
The problems of fuel  wood and other  t r a d i t i o n a l  fue ls  o f  r u r a l  people 
are  wide ly  considered t o  be t he  most press ing f u e l  problem because o f  the  
vast  numbers of poor people who r e l y  on them. The technology f o r  increasing 
the supply of t h i s  k i nd  o f  f u e l  i s  known and w ide ly  ava i l ab le .  Fur ther  
improvements i n  p r o d u c t i v i t y  a r e  general l y  agreed t o  be poss ib le  through 
I n  a d d i t i o n  t o  b e t t e r  "housekeeping", conservat ion can a lso  be 
achieved by a  b e t t e r  match o f  energy sources t o  end-use requirements; 
unnecessari ly expensive o r  ' h igh  q u a l i t y '  energy forms (e.g. h igh  
temperature heat o r  e l e c t r i c i t y )  a r e  o f t e n  used i n  app l i ca t ions  which could 
equa l l y  u t i l i s e  energy o f  a  lower q u a l i t y .  A b e t t e r  match can be 
encouraged through the harmonisation of gownment pol  i c i e s  which determine 
t h e  p r i c e  of competing sources o f  energy, and the  taxes and subsidies - 
which af fec t  the  demand f o r  energy-usi ng techno1 ogy. Few coun t r ies  
(whether developed o r  underdeveloped) are sa id  t o  have such e n t i r e l y  
r a t i o n a l  p r i c i n g  p o l i c i e s  and d i f f i c u l t  p o l i t i c a l  choices are invo lved i n  
t h e i r  implementation. For instance, t h e  p r i c e  o f  kerosene i s  o f t e n  kept 
below the  costs o f  i t s  impor ta t ion  i n  order  no t  t o  harm the  wel fare o f  
la rge  numbers ' o f  r u r a l  people who use i t  as an i 11 umi nant (see World Bank, 
Table VI-9, August, 1979). However, such a subsidy may we l l  prevent h igher 
pr ices being charged f o r  d i ese l  which i s  adu l te ra ted  by kerosene as soon 
as a  s i g n i f i c a n t  p r i c e  d i f f e rence  occurs. This i n  t u r n  leads t o  a  greater  
use o f  road r a t h e r  than r a i l  haulage. A f u r t h e r  example might be the  
f l a t  r a t e  t a r i f f  f o r  t h e  domestic consumption o f  na tu ra l  gas i n  Bangladesh 
which i s  sa id  t o  encourage the continuous burning o f  gas i n  each household 
t o  economise on t he  use o f  matches. Taxes and subsidies which a re  p r i m a r i l y  
se t  as p a r t  of a  general revenue p o l i c y  can a l s o  i nadve r ten t l y  encourage 
the wasteful use o f  energy. Examples o f  t h i s  might  be where subsidised 
loans are ava i l ab le  f o r  t r a c t o r s  bu t  n o t  f o r  d r a f t  animal power. 
More fundmental l y ,  t h e  demand f o r  energy i s  s t r ong l y  in f luenced by 
t he  pa t te rn  o f  economic and soc ia l  development. I n  p r i n c i p a l  a t  leas t ,  
developing coun t r ies  do no t  have t o  f o l l o w  the  o i l  -dependent form o f  
development experienced i n  the i n d u s t r i a l  i sed 'nor thern '  countr ies.  A t  the 
most obvious 1 eve1 , p r i v a t e  t r anspo r t  i s  very much more energy-i n tens i  ve 
than pub l i c  t ransport .  The use o f  o i l  i n  s o c i a l l y  unproductive p r i v a t e  
t ranspor t  by t he  r i c h e r  elements o f  soc ie t y  has d i r e c t  imp l i ca t ions  f o r  the 
use of scarce fuel i n  t he  r e s t  o f  t he  economy, most p ress ing ly  perhaps 
i n  ag r i cu l t u re .  S i m i l a r  issues o f  equ i t y  (and e f f i c i e n c y )  are invo lved 
when scarce resources are a l l oca ted  t o  produce f u e l  a lcohol  from the  
biomass t o  s a t i s f y  t he  fuel needs of urban motor i s ts .  A t  another l eve l ,  
p a r t i c u l a r  a g r i c u l t u r a l  o r  i n d u s t r i a l  s t r a teg ies  are more i n tens i ve  o f  
imported ' non-renewabl e  ' energy than others.  
For these reasons p o l i c i e s  d i r ec ted  a t  questions of equ i t y  and the  
d i s t r i b u t i o n  o f  income are  a  necessary element i n  the  determinat ion o f  t he  
pa t te rn  o f  f u t u r e  energy consumption. They a lso  i n d i c a t e  t h a t  there are 
a  range o f  important  po l  i c y  opt ions avai  l a b l e  t o  con f ron t  energy prob l  ems 
which do no t  invo lve  t he  supply o f  energy-related hardware. 
The Improvement of Energy Conversion Ef f ic iency 
The cu r ren t  use of energy, i n  terms o f  t h e  way pr imary energy i s  
converted i n t o  "usefu l "  energy, i s  very much l ess  e f f i c i e n t  than i t  could 
be. There are, o f  course, l a rge  unavoidable losses invo lved  i n  conver t ing 
and d i s t r i b u t i n g  pr imary energy, such as coal o r  crude o i l ,  i n t o  ' de l i ve red '  
energy (such as o i l  products o r  s o l i d  f u e l s ) ,  and y e t  more losses i n  
conver t ing t h i s  energy i n t o  "usefu l "  energy by means of appliances, machines 
and processes. Typ ica l l y ,  i n  B r i t a i n ,  t he re  a re  30% losses between primary 
and de l i ve red  energy and a f u r t h e r  30% loss  i n  u t i l i s a t i o n .  There i s ,  
however, room f o r  some improvement i n  these1 e f f i c i e n c i e s  i n  a1 1 count r ies  . 
Second, the i nternational trade in technol ogy takes place in a context 
of international competition and i n  a context of intense bargaining. This 
bargaining process i s  often on very unequal te.rms when developing countries 
are involved, i n  that the resources available to the international corpor- 
atilons can often greatly exceed the resources available to even the largest 
Third World country. One aspect of this imbalance involves the current 
distribution of the world Is research and development resources. Over 95% 
of the worl d '  s research and development takes p1 ace i n developed countries. 
This has the result that the bulk of techni:cal advances i n  energy-related 
technology will emanate from developed countries; and this i n  t u r n  has 
powerful effects in determining which particular technol ogies will be 
developed and the way in which they will be developed. Technologies are 
changed primarily to meet the requirements of the countries in which they 
are developed. In the energy sector, the requirements of developed 
countries are often unl i ke those found i n  developing countries. (UNERG 
Synthesis 1981, Weiss and Dosik, 1980; Barnett 1981 ). 
The pressures of international competition tend to produce only that 
technical change t h a t  will provide the innovator with a sufficient degree 
of monopoly to generate an adequate return to cover the costs of research 
and development. Such monopoly elements reduce the abil i t y  of developing 
countries to properly absorb the technology they import. B u t  they also 
lead to greater levels of funds being a1 located to technologies which are 
difficult  to copy, such as photovoltaic cells, than to more simple and 
replicable processes, such as those involved i n  the production of methane 
gas from cow dung. 
These contextual factors are not described to suggest t h a t  nothing 
can be done by developing countries; b u t  rather that T h i r d  World responses 
to their energy situations will have to confvont these problems and 
possibilities. 
The Management of Energy Demand 
Of the three possible options in dealing with energy problems, the 
management of energy demand offers the best prospects for imnediate and 
cost-effective results. This i s  particularly so i n  those sectors of 
industry and transport which are currently large users of commercial 
sources of energy. Energy conservation in i t ia l ly  requires 1 i t t l e  invest- 
ment expenditure and  i s  based on better "housekeeping" which cuts down the 
unnecessary or inappropriate uses of energy. The World Bank estimates that 
in general a 15% cut in developing countries' commercial energy use could 
be achieved by 1990 without reducing economic growth by such a programme 
of demand management, equivalent , to  43 mil 1 ion barrels of oil 
per day ( I B R D ,  1980, pp.  64-65). However, i t  i s  notable i n  this respect 
that the survey of UNDP resident representatives mentioned earl i er 
reported t h a t  "generally, energy conservation i s  not a significant concern 
of the countries represented in the survey" (para. 90) and where i t  did 
take place i t  was directed only a t  connnercial sources of energy particularly 
i n  the form of price rises for "motor vehicle fuel " (paras. 91 -2, UNDP, 
1980). 
11. THE GENERAL RESPONSE 
Many o f  t he  immediate responses t o  these problems have been auto- 
matic, unplanned and have resu l t ed  i n  a number o f  harmful consequences: 
as o i l  p r i ces  rose, o i l  consumption was gene ra l l y  reduced bu t  p a r t i c u l a r l y  
by those t h a t  cou ld  no t  a f f o r d  t h e  h igher  p r i ces  regardless o f  t h e i r  need. 
As f u e l  wood became more scarce, people walked f a r t h e r  t o  c o l l e c t  t h e i r  - 
requirements, they switched t o  burning dung which would be more p roduc t i ve ly  
used as f e r t i l i z e r ,  and they cooked l e s s  f requent l y .  However, f o r  some 
people- t h e  e f fec ts  o f  o i l  p r i c e  ri ses were amelibrated by t h e  recyc l  i ng of 
o i l  revenues f rom t h e  o i l -  expor t ing  coun t r ies  and from t h e  increased 
oppor tun i t ies  f o r  migrant  workers i n  t h e  G u l f  States, and f rom a f o r t una te  
sequence o f  monsoons (see, f o r  instance, Desai , 1980). 
It i s  arguable whether t he  adjustment of economic systems t o  changes 
i n  the p r i ces  o f  the  ' f a c t o r s  o f  product ion '  (such as those r e s u l t i n g  from 
the  change i n  o i l  p r i ces )  i s  e n t i r e l y  adequate and automatic even i n  
developed market economies. But such automatic adjustment i s  unl i k e l y  t o  
be adequate i n  developi ng coun t r ies  where markets are undeveloped (indeed , 
where a s i g n i f i c a n t  p ropor t ion  o f  t ransac t ions  do no t  even enter t h e  market) 
and where t h e  techn ica l  c a p a b i l i t i e s  t o  make the  necessary adjustments do 
no t  ex i s t .  For instance, t he  s u b s t i t u t i o n  o f  coa l  f o r  o i l  i n  the  f i r i n g  of 
thermal e l e c t r i c  power s ta t i ons  no t  on l y  requ i res  the '  necessary c a p i t a l  
investment b u t  i t  a l so  requi res t h e  technica l  capac i ty  t o  plan, design and 
imp1 ement the  necessary changes. . . 
I n s i g h t  i n t o  t h e  way t h a t  developing country governments have responded 
i n s t i t u t i o n a l l y  t o  t he  changing energy s i t u a t i o n  i s  provided by t h e  UNDP's 
survey of i t s  Resident Representatives i n  103 developing. countr ies.  The 
survey which was c a r r i e d  ou t  i n  t h e  spr ing  and sumner o f  1979 shows t h a t  
over ha l f  the  coun t r ies  surveyed had estab l ished cabinet  l eve l  m i n i s t r i e s  
o r  departments o f  energy (para. 24) and t h a t  t h i s  was a recent  phenomenon 
(para. 87). The main emphasis i n  the  conventional energy sector  was on 
developments i n  petroleum (32% o f  coun t r ies )  and la rge  scale h y d r o e l e c t r i c i t y  
(19%); while i n  the  non-conventional energy sector, of the  106 p ro jec ts  
i d e n t i f i e d  64 were f o r  research, 32 f o r  demonstration and 10 f o r  commercial - 
i s a t i o n  (para. 110, UNDP, 1980). But t h e  capac i ty  t o  undertake planned 
ac t ion  has been wide ly  recognised as being inadequate (see, f o r  instance, 
the Synthesis Report o f  the UN Conference on New and Renewable Sources of 
Energy, paragraph 57, henceforth r e f e r r e d  t o  as UNERG Synthesis, 1981 ) . 
I n  p r i nc ip l e ,  t he re  a re  th ree  types o f  response t o  the chqnging energy 
s i t ua t i on :  t o  manage'the consumption o f  energy; t o  increase the  e f f i c i e n c y  
w i t h  which e x i s t i n g  sources o f  energy are converted i n t o  useful  work o r  heat; 
and t o  increase the supply o f  pr imary energy. But before d iscuss ing each 
o f  these p o s s i b i l i t i e s ,  two more general po in t s  need t o  be made. F i r s t ,  
the  amel io ra t ion  o f  cu r ren t  energy problems takes place i n  the  context  o f  
a wor ld t h a t  i s  a l ready ou t  o f  balance i n  a number o f  respects i n  a d d i t i o n  
t o  t he  imbalances associated w i t h  energy, Much dependson the  act ions of 
the  developed count r ies  i n  determining t he  c h a r a c t e r i s t i c s  o f  t h i s  context .  
The developed coun t r ies '  pol  i c i e s  f o r  con t ro l1  i n g  t h e i r  own energy use and 
resource development w i l l  determine what i s  ava i l ab le  t o  count r ies  t h a t  are 
l ess  able t o  make t h e i r  needs f e l t  i n  t he  marketplace. Developed-country 
t rade  p o l i c y  l i kew ise  determines t he  room f o r  manoeuvre open t o  the Th i rd  
World by a f f e c t i n g  t h e i r  f o r e i g n  exchange reserves. 
gas product ion p l an t s  break down and are t oo  c o s t l y  (see, f o r  Ind ia ,  
Moulik, Sr ivastava and Shingi,  1978), r u r a l  e l e c t r i f i c a t i o n  can on l y  be 
a f fo rded  by a small p r o p o r t i  an o f  t he  corrnnuni t y  (see Ha r r i  ss, 1977). The 
i n t r oduc t i on  o f  more e f f i c i e n t  energy conversion devices which s u b s t i t u t e  
f o r  human labour  (such as s o l a r  water pumping systems) may have an adverse 
e f f ec t  on wage labour. The use o f  a p a r t i c u l a r  comnodity (such as cow 
dung i n  methane gas p l an t s )  can depr i ve  t r a d i t i o n a l  users o f  i t s  value 
(see, f o r  instance, Prasad, Prasad and Reddy, 1974). The i n t r o d u c t i o n  of 
energy-related technology which invo lves  t h e  use o f  cash income tends t o  
compare very  unfavourably i n  t h e  es t ima t i on  o f  r u r a l  people who can s t i l l  
ob ta in  non-monetized sources o f  f u e l ,  a l b e i t  a t  cons iderab ly  personal cos t  
i n  terms o f  t h e i r  labour  time. 
The complexi ty o f  r u r a l  energy systems a l s o  imp1 i e s  t h a t  
p o l i c y  responses can be formulated a t  a number o f  d i f f e r e n t  leve ls ,  on l y  
some o f  which a r e  l i k e l y  t o  be e f f e c t i v e .  To take  one example, s c a r c i t y  
o f  wood f o r  f u e l  may be caused by comnercial t imber  e x p l o i t a t i o n  o r  the  . 
removal o f  f o r e s t s  t o  make way f o r  food product ion.  T r a d i t i o n a l l y  accept- 
ab le  l e v e l s  o f  f u e l  wood c u t t i n g  may become unsustainable f o l l o w i n g  the  
increase i n  c a t t l  e owners h i p  and consequent overgrazing . But even where 
the  c u t t i n g  o f  wood f o r  f u e l  by subsistence peasants i s  i d e n t i f i e d  as t he  
major cause o f  deforesta t ion,  i t  may be t he  l a s t  desperate a c t  o f  a people 
who a re  denied access t o  o ther  means o f  1 i v e l  ihood. Responses a re  on l y  
l i k e l y  t o  be e f f e c t i v e  i f  they are based on a c l e a r  understanding o f  such 
causal re la t ionsh ips .  
M i t h i n  these gross aggregates o f  r u r a l  and urban energy use there  i s ,  
o f  course, considerable v a r i a t i o n  between coun t r ies .  Such v a r i a t i o n  
includes d i f fe rences  between t h e  o i  1 -producing and o i  1 - impor t ing count r ies ,  
between those coun t r ies  w i t h  major f u e l  wood shortages and those w i t n  no 
such problem, between coun t r ies  w i t h  t he  funds and technica l  capac i ty  t o  
respond t o  t h e  changing energy p i c t u r e  and those w i t h  more l i m i t e d  capaci ty.  
One such c l a s s i f i c a t i o n  o f  coun t r ies  i s  shown i n  Table 11. 
While the  problems o u t l i n e d  i n  t h i s  b r i e f  review may be no more 
important  than the  many o the r  problems o f  under-devel opment, energy problems 
are c e r t a i n l y  very  severe and a f f e c t  a very l a r g e  number o f  t he  wor ld ' s  
populat ion;  they may a l s o  cause i r r e v e r s i b l e  damage t o  the  environment. 
But they may be d is t ingu ished  f rom these o ther  problems because o f  t h e i r  
newness ( o r  a t  l e a s t  t he  recent  r ecogn i t i on  o f  t h e i r  importance). This 
newness means t h a t  t he  resources and f a c i l i t i e s  t o  respond t o  energy problems 
are even more underdeveloped than i n  o t h e r  sectors. 
As w i t h  the  i n d u s t r i a l  and t r anspo r t  sectors, i t  i s  d i f f i c u l t  t o  
envisage r u r a l  development i n  t h e  shor t -  and medium-term f u t u r e  which does 
no t  i nvo l ve  a g rea te r  use o f  commercial energy, p r i m a r i l y  o i l .  I n  t he  
same way t h a t  na t iona l  o i l  problems might  be seen i n  t he  sho r t  term as a 
problem o f  t h e  i n t e r n a t i o n a l  d i s t r i b u t i o n  o f  t h e  resource, so i n  t he  r u r a l  
sector  t he  problem i s  a l s o  one o f  t h e  d i s t r i b u t i o n  o f  t he  resource between- 
urban and r u r a l  uses and between uses o f  d i f f e r e n t  soc ia l  value: between 
the .production of food and t h e  conspicuous consumption o f  p r i v a t e  cars. 
However, t h e  most press ing problem fac i ng  r u r a l  popula t ions predates 
the  o i l  problems o f  t he  l a t e  1970s and a f f e c t s  more than h a l f  o f  t h e  wor ld 's  
populat ion. A1 though data about r u r a l  energy use and supply a re  scarce 
and u n r e l i a b l e  (such sources s t i l l  do n o t  appear i n  t he  common sources of 
energy consumption s t a t i s t i c s ) ,  i t  i s  general l y  agreed t h a t  inanimate 
energy needs i n  t he  r u r a l  sec to r  a re  overwhelmingly f o r  domestic purposes 
such as cooking. It i s  f u r t h e r  genera l l y  agreed t h a t  cu r ren t  energy con- 
sumption i s  met almost e x c l u s i v e l y  from renewable sources o f  t h e  biomass, 
such as f u e l  wood, crop residues, and animal dung. Such sources a r e  pre-  
dominantly n o t  exchanged f o r  money and are co l l ec ted  d i r e c t l y  by t h e  user 
(usua l l y  women and c h i l d r e n )  . 
The amount o f  these biomass f u e l s  which can be sustained by regrowth 
i s  genera l l y  accepted t o  be cons iderab ly  1 ess than cu r ren t  consumption i n  
many pa r t s  o f  t h e  wor ld  and c e r t a i n l y  l e s s  than l i k e l y  f u t u r e  consumption 
i n  a much wider area. Re l i ab le  est imates o f  these balances a re  n o t  a v a i l -  
able f o r  many areas o f  t he  Th i rd  World. But  t h e  FA0 has r e c e n t l y  completed 
an imp ress ion i s t i c  survey which suggests t h a t  more than 100 m i l  1 i o n  people 
c u r r e n t l y  1 i v e  i n  s i t u a t i o n s  where they a re  unable t o  ob ta i n  s u f f i c i e n t  fuel  
wood t o  p rov i  de even t h e i  r m i  nimum needs ; a f u r t h e r  1,000 m i  11 i o n  a re  
a f f ec ted  by, l e s s  bu t  i d e n t i f i a b l  ez shortages (FAO, Dec. 1980). 
The energy problems o f  r u r a l  areas a re  i n  many ways d i f f e r e n t  from the  
problems o f  urban i n d u s t r i a l  areas. Th is  i s  p r i m a r i l y  due t o  the  non- 
commercial i sed nature o f  r u r a l  energy sources and t he  s i g n i f i c a n t  pro- 
p o r t i o n  of t he  energy suppl ied by human and animal muscle power. Indeed, 
the  d i f fe rences  between urban i n d u s t r i  a1 sectors  and r u r a l  energy 
a c t i v i t i e s  are o f t e n  g rea te r  than t h e  d i f f e rences  between t he  energy prob- 
1 ems o f  t he  i n d u s t r i a l  sectors o f  developed and developing count r ies .  
Fol lowing recen t  research, i n i t i a l  na ive ty  i n  the  pub1 ished 1 i t e r a t u r e  
about the  s i m p l i c i t y  o f  r u r a l  energy systems i s  c u r r e n t l y  g i v i n g  way t o  an 
apprec ia t ion  o f  t h e i r  v a r i e t y  and conrplexi t y  (s tud ies by Briscoe, 1979, and 
M.N. Islam, 1980, both  i n  Bangladesh, a re  t y p i c a l  o f  t h i s  recen t  work). 
The production, c o l l e c t i o n  and use o f  energy i n  r u r a l  areas i s  i n e x t r i c -  
ab ly  l i n k e d  t o  t he  o the r  product ion and c u l t u r a l  systems which charac te r i se  
these areas. A number o f  impor tant  consequences f o l l ows  from t h i s .  Energy 
requirements vary  considerably between geographical areas and between 
d i f f e r e n t  soc ia l  groups w i t h i n  these areas. The v i a b i l i t y  o f  p a r t i c u l a r  
energy conversion devices c r u c i  a1 1 y depend on t he  p rec ise  con f i gu ra t i on  
o f  factors a t  each l o c a t i o n .  The i n t r o d u c t i o n  o f  new energy conversion 
devices a re  c u r r e n t l y  confronted w i t h  many o f  the  d i f f i c u l t i e s  experienced 
i n  t he  o ther  ( b e t t e r  documented) attempts a t  r u r a l  techn ica l  change, such 
as i n  the  f i e l d s  of a g r i c u l t u r e  and heal th.  Improved woodstoves a re  
comnonly found no t  t o  meet user requirements (see, f o r  instance, Shal ler ,  
1979; Hoskins, 1979; Agarwal , 1980; Roy and others, 1969), small  methane 
For some countries, the  increase i n  i'ndebtedness, p a r t i c u l a r l y  t o  the 
p r i va te  sector banks, has reached such proport ions as t o  cons t i t u te  a 
possible t h rea t  t o  the  s tab i  1  i t y  of the  i n te rna t i ona l  f i nanc ia l  system. 
F ive countr ies accounted f o r  near ly  70% o f  the  ne t  Eurodal l a r  lending i n  
1979 (Argentina, Braz i l ,  L iber ia ,  Mexico and South Korea - see K i l  l i c k ,  
1981, p. 97). It i s  i n  t h i s  context t h a t  any t r a n s i t i o n  t o  a l e s s  o i l -  
in tens ive economy w i l l  have t o  take place. 
Most o f  t he  o i l  consumed by developing countr ies i s  used i n  the  
i n d u s t r i a l  sector ( t y p i c a l l y  30050%). The o i l  p r i c e  r i s e s  and t h e  subsequent 
"knock-on" e f f e c t s  have ra i sed  product ion costs and have a f fec ted  the 
competit ive pos i t i on  o f  many developing countr ies i n  i n te rna t i ona l  trade. 
Even though o i l  on ly  recent ly  replaced coal as the  dominant source o f  the 
world 's comnercial energy ( i n  1973 o i l  provided 51% o f  the  wor ld 's  comnercial 
f u e l  f o r  t h e  f i r s t  time), much o f  the  e x i s t i n g  stock o f  technical  knowledge 
on which f u t u r e  technical  change w i l l  depend i s  based on the assumption o f  
cheap and re1 i abl e  sources o f  o i  1  . 
While too much re l i ance  should n o t  be placed on the prec ise r e l a t i o n -  
ship between the  growth o f  gross nat ional  product and energy consumption, 
i t  i s  d i f f i c u l t  t o  see how developing countr ies '  need f o r  o i  1  w i  11 no t  r i s e  
i n  t he  coming years. I f  t h i s  need i s  no t  met, growth o f  the i n d u s t r i a l  
sector w i l l  su f fe r .  A slowing down o f  the  r a t e  o f  i n d u s t r i a l i s a t i o n  w i l l  
i nev i t ab l y  mean t h a t  less  o f  the surplus labour i n  r u r a l  areas can be 
absorbed by the  modern i n d u s t r i a l  sector. 
The other main user o f  o i l  i n  developing countr ies i s  the  t ranspor t  
sector ( t y p i c a l l y  25930%). Here the energy use i s  considerably skewed 
towards the  r i c h e r  sections o f  the  populat ion and t o  p r i v a t e  transp.ort 
systems. But even so, higher o i l  p r i ces  r e s u l t  i n  higher f r e i g h t  costs and 
a considerable reduct ion i n  the  movement o f  goods and services. Examples 
can be quoted o f  a g r i c u l t u r a l  extension services and mobile hea l th  services 
being severely c u r t a i l e d  through lack o f  f ue l .  For instance, Zambia's 
ag r i cu l t u ra l  extension services are sa id t o  have t o  operate i n  1980 w i th  
o n e - f i f t h  o f  the  f u e l  they used i n  1970. 
The r u r a l  sector o f  developing countr ies has been l a r g e l y  protected 
from the  d i r e c t  e f f e c t s  o f  o i l  p r i c e  r i s e s  simply because l i t t l e  commercial 
energy i s m i n  these areas. The World Bank suggests t h a t  both d i r e c t  
and i n d i r e c t  uses o f  energy i n  "ag r i cu l t u re  t y p i c a l l y  accounts f o r  less  
than 5% o f  a  country 's  commercial energy" (IBRD, 1980, p. 53). However, 
qu i t e  la rge  variations can be found about such an average; for . instance,  
the d i r e c t  and i n d i r e c t  use o f  energy i n  ag r i cu l t u re  i s  o f  t h e  order o f  
20% o f  comerc ia l  energy used i n  Bangladesh ( f rom Islam, 1980). But even 
i f  the amounts are small, commerci.al sources o f  energy do p lay  an important 
r o l e  i n  the  r u r a l  sector by p rov id ing  c ruc ia l  inputs  t o  i r r i g a t i o n  pumping, 
ill umination, t ranspor t ,  f e r t i l i z e r ,  and a g r i c u l t u r a l  mechanisation. 
Indeed, i n  welfare terms, the marginal r e t u r n  t o  the  use o f  comnercial 
energy i n  the  r u r a l  sector  might be expect t o  exceed t h a t  i n  t he  i n d u s t r i a l  
sector. It may be argued t h a t  even a t  considerably higher p r i ces  the use 
o f  oi l-based products such as f e r t i l i z e r  would s t i l l  be f i n a n c i a l l y  p r o f i t -  
able t o  many r u r a l  people (IBRD, 1980, p. 53). I n  add i t i on  t o  the d i r e c t  
e f f ec t ,  o i  1  p r i c e  r i s e s  a1 so impose severe burdens on r u r a l  people through 
i n d i r e c t  mechanisms, such as t h e  shortage o f  fo re ign  exchange r e s u l t i n g  from 
the  increased b i l l  f o r  o i l  imports, and the  r i s e  i n  cost  o f  a l l  o ther  r u r a l  
purchases t h a t  use o i l  i n  t h e i r  manufacture o r  t ranspor t .  
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I .  THE ENERGY PROBLEMS OF THE THIRD WORLD 
A Summary of Issues 
The energy problems facing particular countries are not easily or 
unambiguously specified; a heterogeneol~s group of co mtri es i s  i nvol ved , 
information i s  often inadequate, and there are many points of view. B u t ,  
in spi te  of th is ,  a number of features of the 'energy c r i s i s '  are now - 
widely agreed. First,  the energy problem has two analytically separate 
components: on the one hand, there are the familiar problems associated 
w i t h  the r ise  i n  oil  prices which largely affects the urban and industrial 
sectors of a l l  economies. And on the other hand, there are the equally 
important problems associated w i t h  the inadequate supply of fuels to  the 
rural sector. These rural fuels are mainly fuel wood, crop residues, and  
cat t le  dung, and they usually do not enter into the cash economy; even 
though these non-commercial fuels. are the main source of inanimate energy 
for more t h a n  half of the world's . -  . population, 1 i t t l e  i s  known of the detai 1s 
of their production and use. 
I t  i s  also generally agreed t h a t  neither of these two "energy problems" 
i s  a passing problem. As oil  resources are depleted, the ' t ransit ion'  of 
the world economy from a dependence on oil  to other sources of energy i s  
inevitable in the medium term future; even i n  the short term, the price 
of oi 1 i s  1 i kely to r ise  i n  real t e n s  by a t  1 east 3% per year over the 
next decade (World Bank,  1980, p. 1 ) . In rural areas, the need for fuels 
from the biomass i s  likely to  exceed the supply i n  many parts of the world 
f a r  beyond the turn of the century (FAO, 1980a). 
Further generalisations are possible about which there i s  a general 
consensus of opinion. The oi 1 price rises of the 1970s (see Table 1 ) 
produced major shocks throughout the world economic system, and not just 
i n  the developing countries. B u t  the superior purchasing power of the 
developed countries meant t h a t  developing countries were unable to compete 
for supplies a t  the higher prices. Therefore, i n  the short r u n  a t  least, 
the problems of oil  for developing countries are problems of the world 
distribution of the resource as much as an absolute shortage of supplies. 
The immediate impact of these changes for developing countries was on 
their  balance of payments a n d  an oi 1-using industrial and transport sectors. 
While the r ise  in oi 1 prices was n o i  the cause of a1 1 changes i n  the 1970s, 
i t  certainly exacerbated existing difficulties. The r i se  in oi 1 prices 
meant t h a t  a greater proportion of foreign exchange earnings had'to go t o  
pay for oi l  imports. For a number of countries, the propor t ion  of 
merchandise export earnings which was accounted for by o i l  imports had 
risen alarmingly; for instance, i n  1977 the proportion for Bangladesh was 
48%, for Pakistan 33%, Thailand 29%, Brazil 37%, United States 37% (IBRD, 
1980, Table 7,  World Development Report). This i n  turn led t o  a greater 
burden of debt or a reduced level of investment i n  development programmes. 
Oil  price rises a1 so affected the costs of goods produced in developed 
countries, thus leading t o  a worsening of the terms of trade facing 
developing countries. One author suggests t h a t  the 40% r ise  in the price 
of manufactured goods imported by o i  1 importing developing countries between 
1973 and 1975 had an even greater effect on the balance of payments of these 
countries t h a n  o i l  prices which rose 286% over the same period, because oil 
imports constituted only 4% of a l l  imports Killick, 1981, p.93): The 
worl d recession further reduced the demand 4 or devel opi  ng countri es ' non- 
o i l  exports thereby l i m i t i n g  their  a b i l i t y  t o  earn foreign exchange. Added 
t o  this,  the real value of official a i d  flows has remained s t a t i c  or has 
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